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EFFECT OF CINCHOPHEN ON SECRETION OF CHOLIC ACID 

I H ANNEGERS, iM S , F E SNAPP, MS, A C IVY, PiiD, MD, anb A J ATKINSON MD 

CHIC \G0 


Those investigatois who have obseived dam- 
age to the hvei aftei admmisti ation of cm- 
uhophen to laboratoi)^ animals used doses at 
least ten times the equivalent dose foi human 
^ beings estimated on the basis of body weight ^ 
Those who have used the same or smallei doses 
failed to find any sti iking evidence of hepatic 
damage - oi of depression of hepatic function ** 
Stalkei , Bollman and Mann ^ gave twice the 
aveiage human dose to a relatively laige num- 
ber of dogs for peiiods up to thirty -nine weeks 
Though they oliseived gastrointestinal intoler- 
ance, which usiiall}^ subsided, they did not 
obseiwe jaundice or micioscopic evidence of 
pathologic changes in the livei and othei tissues, 
other than “peptic ulcer ” 

From the Department of Physiology, Northwestern 
Lmversity Medical School 

Aided m part by grants from the Dawes-Atkinson 
and the Afarjorie E Newman Fund 

1 (a) Churchill, T P , and Van Wagoner, F H 

Cinchophen Poisoning, Proc Soc Exper Biol & Med 
28 581, 1930 (b) Knoble, R M, and Smith, H A 

The Effect of Cinchophen on the Liver of White 
Rats, Am J Physiol 97 537, 1931 (c) Barbour, 

H G , and Fisk, M E Liver Damage m Dogs and 

Rats After Repeated Oral Administration of Cincho- 
phen, J Pharmacol & Exper Therap 48 341, 1933 
(d) Lehman, A J , and Hanzhk, P J Cinchophen 
Toxicosis, Arch Int Med 52 471 (Sept) 1933 (e) 

Radwin, L S , and Lederer, M Effect of Cinchophen 
on the Albimc Rat, Arch Path 15 490 (April) 1933 

2 (a) Reichle, H S Cinchophen Poisoning An 

Attempt to Produce Toxic Cirrhosis of the Liver in 
Rats, Arch Int Med 49 215 (Feb) 1932 (h) Bar- 

bour, H G, and Gilman, A Cinchophen and Tolysin 
Comparison of Effects of Administration of Each in 
Rats, J Phaimacol & Exper Therap 55 400, 1935 
(c) Berman, A L , Sharp, E , Atkinson, A J , and 
Ivy, A C Effect of Cinchophen on Bile Formation, 
J Lab & Clin Med 28 682, 1943 

3 Furth, O , and Scholl, R Biochemical Studies 
on Mechanism of Phenylcinchomnic Intoxication, J Lab 
& Clin Med 18 991, 1933 Myers, H B , and Good- 
man, L Cinchophen Hepatitis, Arch Int Med 49 
946 (June) 1932 Churchill and Van Wagoner Leh- 
man and Hanzhk 1*1 

4 Stalker, L K , Bollman, J L , and Mann, F C 
Effect of Cinchophen on the Liver and Other Tissues 
of the Dog, Proc Soc Expei Biol & Med 35 158, 
1936 


It was believed that if cinchophen has a dnect 
toKic effect on the livei it should be manifested 
by a disturbance of secietion of cholic acid since 
the output of that substance is readily affected 
1)}^ an infections or toxic hepatitis In a previ- 
ous publication we"’*^ failed to observe any sig- 
nificant deciease in secretion of cliolic acid when 
1 Gm of the drug was given by mouth dad} foi 
three days up to thirty days However, in all 
but 1 of the experiments the bile diamed to 
the outside into a bag and fiom 60 to 75 pei 
cent of the oially administered cinchophen was 
I ecovered in the bile m the bag It was thought 
that if the administered cinchophen was pei- 
mitted to undeigo continuous enterohepalic cii~ 
dilation evidence of distuibance of secretion of 
cholic acid might lesult 

MCI hods 

1 he Piepaiatwii of the Animals — Dogs weighing 
fioni 10 to 12 Kg were prepared with chronic biliary 
fistulas by the method of Kocour and Ivy A small 
tube was inserted into the duodenum winch led to the 
outside of the dog through a stab wound in the 
abdomen for the return of bile to the dog’s intestine 
Thus the biie could be collected hourly, and a swall 
sample (01 cc ) could be withheld for estimation of 
cholic acid ^ and the remainder returned to the 
duodenum 

All the anmials had been operated on at least one montli 
previously and had been maintained on a standard diet 
from that time to the beginning of these experiments 
Previous to, and during expei iments, the daily ration 
was divided into thiee portions and fed everv eight 
hours 

The Dose of Cinchophen — The dose of the drug 
employed in tieatment of gout langes from 7 5 to 30 
grams (0 5 to 2 Gm ) daily, oi fiom 7 to 28 mg per 
kilogram of body weight for a patient weighing 70 
Kg 14 A dose of 7 5 grams (0 5 Gm ) three or four 
times daily for three consecutive days each week is 
the dose most recently recommended ^ Some use 45 


5 Kocour, E J, and Ivy, A C The Effect of 
Certain Foods on Bile Volume Output in the Dog by 
a Quantitative Method, Am J Physiol 122 325, 1938 

6 Remhold, J G , and Wilson, D S The Deter- 
mination of Chohe Acid m Bile, J Biol Chem 96 
637, 1932 

7 Hench, P S Diagnosis and Tieatment of Gout 
and Gouty Arthiitis, TAMA 116 453 (Feb 8) 
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grains (3 Gin ) daily, which is 42 mg pei kilogi am 
for a patient weighing 70 Kg ® In order to be more 
certain of obtaining effects from the drug, we chose 
to gi\:e fiom 50 to 100 mg per kilogram of body 
weight daily 

The cmchophen used was snow white, free of the 
odor of phenolqumolme and completely soluble in alka- 
line aqueous solution (Calco Company) It was a 
purer product than the cmchophen on the market and 
was used by us several years ago in other experimental 
work ” 

The Plan of the Evpeumcnis — I The animals were 
placed on the standard diet and fed every eight hours 
without return of bile This was to obtain control 
data legarding their basal synthesis of cholic acid so 
that the effect of cmchophen on it could be deter- 
mined -e II Then bile was returned houi ly without 
any change in feeding This procedure was to obtain 
control data to compaie with the observations made 
with the same regimen plus administration of cincho- 
phen III Procedure II was then repeated with admin- 

Table 1 — Data Shoiving Shght Effect of 0 5 Cm of 
Cmchophen (T 1) Every Twelve Honrs and 
025 Gin Every Sir Hours (T 2) on 
Secietxon of Cholic Acid’’ 

Dog A3 


Volume of Bile in Cc t Cholic Acid Output In Mg 

f .... I ' Aw, ^ 


Hours t 

C 

H 

T2 

C 

T1 

T2 

6 

SO 

64 

71 

031 

708 

1713 

12 

70 

94 

120 

1,734 

2,174 

2,411 

18 

92 

124 

128 

2,621 

2,362 

3 040 

24 

77 

126 

112 

2,141 

2,994 

3,538 

30 

107 

154 

139 

2,962 

2,894 

3,771 

36 

119 

131 

176 

3,743 

4,034 

4 289 

42 

127 

143 

162 

4,800 

4,121 

3,816 

48 

130 

104 

176 

4,350 

2,043 

6,102 

Total 

762 

830 

1,082 

23,482 

21,990 

28,279 

48 60 

65 

90 

90 

073 

Trace 

1,265 


* Except during the last six hours of test 1 
t The hourly outputs of volume and cholic acid are added 
to give the six hour total 

t This dog IS unusual in the large amount of cholic acid 
synthesized and secreted O, control, bile returned hourly 
without drug, 11, 0 5 Gm of clnchophen given every twelve 
hours, T2, 0 25 Gm of cmchophen given every six hours 

istration of cmchophen IV Finally, the administration 
of cmchophen and the return of bile were stopped and 
the cholic acid synthesis with the diet alone was again 
determined during the next three or four days These 
data were obtained to supply information showing 
whether cmchophen had disturbed the cholic acid- 
synthesizmg mechanism of the liver 

EESULTS 

Sixteen experiments were perfoimed on 
8 dogs 

Since the animals responded differently at 
diffeient times, the results for each animal will 
be summarized Because it is impractical to 
submit all of the hourly data, only portions will 
be shown and the remainder will be condensed 
as at ei ages 

S New and Nonofficial Remedies, Chicago, Ameri- 
can Medical Association Press, 1941 

9 Reid, P E , and Ivy, A C Gastric Mucin 
a Prophylactic Against Gastro-Intestinal Ulcers and 
“Acute” Toxicity Resulting from Cmchophen, Proc 
Soc Exper Biol & Med 34 142, 1936 


Dog 1 (A3) — ^When 0 5 Gm of the drug was gi\ en 
every twelve hours (test 1, table 1), the secretion of cholic 
acid was not affected until six hours after the third 
dose The effect increased so that during the first six 
hours after completion of the hourly return the bile 
contained only traces of cholic acid It should be 
noted that a part of the forty-eight hour meal was 
lefused Appetite and output of cholic acid then 
leturned to normal On referring to column 4, table 4, 
It will be seen that basal synthesis of cholic acid was 
not distuibed after the animal recovered from the 
twelve hours of depression of secretion of cholic acid 
The dose of 0 25 Gm every six hours (table 1, test 2), 
given one week after the first experiment, did not 
depress the output of cholic acid or affect the gastro- 
intestinal tract as judged by objective symptoms In 
fact. It would appear that the output of cholic acid 
was increased above the control level, the forty-eight 
hour output being 20 per cent above the forty-eight 
hour control value 

Dog 2 (B3) — This animal after receiving the first dose 
of 0 5 Gm of the drug manifested the usual increment 
in output of cholic acid which follows hourly return of 
bile However, at eighteen hours the output decreased, 
and just prior to twenty-four hours vomiting and diar- 
rhea occurred The animal refused food thereafter 
Administration of the drug was continued, however, 
until four doses had been given, and the bile was 
returned hourly The output of cholic acid was low, 
and only traces were present during the thirty-eighth 
and thirty-ninth hours When return of bile was 
stopped, the output of cholic acid was so low that it 
could not be accurately estimated, which shows that 
the animal did not synthesize cholic acid and did not 
excrete the cholic acid absorbed from the intestine 
Diarrhea had disappeared The animal continued to 
lefuse food, though the liver recovered sufficiently to 
synthesize that amount of cholic acid which occurs 
during fasting in a healthy fistula dog The animal 
died the fifth day after the experiment, and autopsj 
revealed only gastroenteritis 

This observation indicates tliat it is hazardous to 
continue administration of cmchophen after manifesta- 
tion of the symptoms of gastrointestinal irritation 

Dog 3 (D6) — Four tests were performed on this animal 
(table 2) In the first test, in which a dose of 0 5 Gm 
every twelve hours was used, the output of cholic acid 
was depressed during the first sixteen hours, again 
during the twenty-first and twenty-second hours, and 
again during the twenty-ninth and fortieth hours The 
output of cholic acid for the entire period with cin- 
chophen was 37 per cent less than that for the control 
period Synthesis of cholic acid was not affected 
during the post-treatment basal period following this 
lest (table 4) 

During the second test, one week later, the same 
dose of cmchophen was used with 1 Gm of calcium 
gluconate The output of cholic acid during the test 
was 13 per cent less than the control value, though a 
definite depression occurred at no time during the test 
The post-treatment basal synthesis of cholic acid was 
within the normal range 

In the third test, several weeks after the second, 
0 25 Gm of the drug was given every twelve hours 
The output of cholic acid during the period was 9 per 
cent above the control level 

In the fourtli test, performed several weeks after 
the third, 1 Gm of the drug was given every twenty- 
four hours for two days, 2 Gm of calcium gluconate 
being given with the second dose of the drug m an 
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effort to obsei^e a difference in cholic acid response 
when the calcium was given The output of chohe 
acid %\as gi eater than the control value throughout the 
foity-eight hour period, and the total output was 25 per 
cent gi eater The post-treatment synthesis of cholic 
acid was about the normal value for basal conditions 
with diet alone (table 4) 

Dog 4 (C4) — ^This animal received cmchophen on three 
occasions The output of cholic acid was depressed for 
two hours after the first dose of cmchophen (0 5 Gm 
e%ery tveKe hours) After that the output remained 


out sodium bicarbonate No depression of output or 
synthesis of cholic acid during this test or during the 
post-treatment period occurred 
Dog 5 (D7) — Two tests were performed on this ani- 
mal, one with the 0 5 Gm dose and one with a 0 25 Gm 
dose every twelve hours With the 0 5 Gm dose no 
depression of output of the chohe acid occurred at any 
time , in fact, 18 per cent more cholic acid was secreted 
during the forty-eight hour test period than during 
the forty-eight hour control period Several weeks 
latei with the 0 25 Gm dose a depression occurred 


Table 2 — Results of Four Tcsti on the Sa7ne Dog 

Dog D6 





Volume in Cc t 





Oholle Acid In Mg 



Hour • 


0 

Tl 

T2 

T3 

T4 


0 

Tl 

T2 

T3 

T4 

6 


24 

44 

62 

40 

27 


183 

Trace 

351 

333 

231 

12 


44 

CO 

88 

71 

47 


457 

109 

762 

836 

610 

18 


49 

87 

80 

90 

82 


743 

309 

677 

1,164 

1,162 

24 


GO 

73 

76 

78 

no 


1,185 

677 

861 

1,323 

1,409 

30 


60 

76 

65 

66 

123 


1,142 

795 

1,072 

1,090 

1,640 

30 


64 

92 

107 

82 

95 


1,055 

976 

843 

1,246 

1,638 

42 


55 

105 

106 

72 

118 


971 

919 

1,052 

1,181 

1,470 

48 


74 

89 

81 

02 

116 


1,711 

927 

852 

987 

1,268 

Total 


420 

625 

654 

661 

719 


7,447 

4,672 

6,470 

8,160 

9,308 

54 1 


37 

28 

48 

34 

60 


830 

391 

478 

699 

495 

GO 


29 

31 

36 

25 

37 


320 

Trace 

152 

250 

162 

72 


28 

61 

59 

64 

62 


256 

537 

320 


279 

Total 


514 

746 

796 

68-1 

878 


8,853 

5,000 

7,420 


10,234 

• Hourly outputs of 

volume 

and cholic 

acid are added to 

give six hour values 





t C, control, bile returned hourly without drug, Tl, 0 5 Gm 

Of 

cinchophen every 

twelve 

hours, T2, 0 5 

Gm 

of cinchophen 

every twelve 

hours plus 

1 Gm 

of calcium 

gluconate. 

T3. 0 26 

Gm 

of cinchophea every twelve hoars* T4, 10 Gm 

of cinchophen 

every twenty four hours 












t Hourly return of bile stopped at forty eight hours 








Table 3 — 

■Output of Chohe Aad During the First Twelve Hours of the Control and Aftet 

the Fust Dose of 




Cmchophen with Hoinly Return of Bile 

, si; 









Mg 

Chohe Acid t 







Dog A3 

Dog B3 

Dog 04 


DogD7 

Dog D4 


Dog DG 


A 



. . JL 




A. 










* 




/ 


f 


Hour 

c 

Tl 

Tl 

0 

T2t 


0 

T2 J 

0 

Tl 

o 

Tl 

1 

45 

43 

77 

8 

Trace 


10 

70 

G 

Trace 

10 

4 

2 

87 

110 

120 

15 

Trace 


25 

44 

22 

Trace 

21 

Trace 

3 

121 

110 

86 

26 

Trace 


34 

Trace 

43 

4 

35 

Trace 

4 

132 

131 

71 

8 

Trace 


28 

59 

26 

12 

35 

Trace 

5 

182 

ICC 

86 

34 

Trace 


65 

103 

54 

7 

43 

Trace 

G 

84 

231 

100 

22 

34 


41 

130 

72 

6 

41 

Trace 

7 

344 

202 

144 

84 

Trace 


34 

ISO 

108 

Trace 

58 

Trace 

8 

195 

259 

264 

105 

31 


86 

Trace 

77 

13 

83 

Trace 

9 

336 

344 

373 

95 

Trace 


28 

Trace 

39 

31 

10 

Trace 

10 

313 

483 

390 

136 

Trace 


105 

Trace 

73 

47 

95 

Trnrfi 

11 

16S 

529 

344 

166 

Trace 


63 

141 

73 

67 

92 

54 

12 

328 

357 

305 

165 

Trace 


88 

72 

81 

39 

119 

75 

Total 

2,365 2,942 

2,360 

803 

116 


607 

749 

674 

216 

1,169 

109 


that were aflected hy the clnchophen are Hated The marked depression m dogs A3 and B3 was not 
manifested the first twelve hours No control was made on B3 u ^ 

r-i bile returned hourly without drug, an. first test of dog with cmchophen, T3, second test with cmchophen AS. B3. 

01 and DC received 0 5 Gm of clnchophen every twelve hours, Di and D7 received 0 25 Gm of clnchophen every twelve hours 
1 One gram of sodium bicarbonate was given with the clnchophen 


at or slightly above the control level (table 4) , the 
same was true for basal synthesis of cholic acid with 
the diet, after administration of cmchophen was stopped 
Two weeks later the first dose of cmchophen was 
repeated, except that 1 Gm of sodium bicarbonate was 
given with each dose The output of cholic acid was 
markedly depressed (table 3) for the first twelve hours 
and m the twenty-eighth hour of the test During the 
last twelve hours of the forty-eight hour period, the 
output was so markedly increased that the total for 
the forty-eight hour period was only 14 per cent 
below the control value (table 4) Synthesis during 
the post-treatment period was not influenced (table 4) 
Six weeks after the first test, the same procedure 
was repeated with the same dose of cmchophen with- 


dunng the third hour and from the eighth to the 
eleventh hour after the first dose (table 3) This 
depression, however, was more than compensated for 
later m the test period, since the total output of cholic 
acid for the test was 12 per cent above the control 
value The post-treatment basal synthesis of cholic 
acid was not affected m either test 

It IS interesting to note that this animal was affected 
more by a dose of 250 mg of the drug than by 500 mg 
and that depression occurred the second time the animal 
was subjected to the influence of cmchophen but not 
the first time 

Dog 6 (D4) — ^This animal first received a dose of 0 25 
Gm of cmchophen and two weeks later a dose of 0 5 Gm 
every twelve hours 
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Dunng the first test the output of cholic acid was 
depressed during the first fourteen hours (table 3) , 
later recovery occurred, so that the total decrease in 
output for the period was 28 per cent During the 
post-treatment period, basal synthesis of cholic acid 
with the diet alone was greater than during a control 
period under similar conditions 

During the second test, with 0 5 Gm of cinchophen, 
the output of cholic acid was not depressed at any 
time, during the test with the drug 48 per cent more 
cholic acid was secreted than during the control test 
(table 4) 

Dog 7 (D8) — One experiment was performed m which 
250 mg of cinchophen was given the twelfth hour and 
500 mg the twenty-fourth hour of return of bile The 
output of cholic acid was not depressed after the drug 
was given or in the post-treatment period 

Dog 8 (E6) — One experiment was done, in which 125 
mg of cinchophen was given the twelfth, twenty-fourth 


or 25 pet cent It is important to realize that if 
hourly analyses for cholic acid had not been 
made, depiession of the output would have been 
discoveied in only 4 tests In 1 dog depression 
of secietion of cholic acid occuired during the 
second admmistiation of cinchophen and not 
duimg the first test with the diug (C4, table 4) 
Anoiexia occurred in only 2 instances In 
1 (A3, test 1) it was probably m part responsi- 
ble for the late decrease in output of cholic acid 
since foimation of cholic acid probably depends 
on metabolism of piotein In the other case the 
animal manifested vomiting and diarrhea aftei 
the second dose of cinchophen and refused all 
food until death occurred the fifth day after the 
completion of the forty-eight hour test This 


Iauiu 4 — Snutinaiv oj Rcuilt<: 



A 

I 

II 

III 


IV 




Prcdnig 

Control Bile 

'lest 

Per Cent 

Postdrug 



Cholic Acid 

Cholic Acid 

Returned 

us 11 

of 

Cholic Acid 



Basal on 

Basal 

Hourlj 

with 

Change 

(Compare 



Diet Alone * 

Control 

Xo Drug 

Drug 

Referred 

« ith A and I 


Dog 

Range in Mg 

in Mg 

(Mg) 

(Mg) 

to 11 

IMgJ) 

Dose ol Drug 

A3 

1,400 2,000 

1 437 

23 482 

21,900 

— 0 

1 015 

0 5 Gm b 1 d 


(10 tests) 

1,073 

23 482 

29.279 

-1-20 

1 722 

0 25Gm q 1 d 

15 .t 


1,347 


3,<)04 


9101 

0 5 Gm b 1 d 

04 

980-1 7C0 

983 

914'i 

10,020 

-f 9 

1 243 

0 5 Gm b i d 


(6 tests) 

1,5G7 

9145 

7,870 

-fl4 

1,010 

0 5Gm b i d t 



1,515 

9145 

9,918 

+ 8 

1 412 

03Gm b I d 

D7 

1 100 2,400 

2,3G0 

0 071 

8,004 

-1-18 

2,710 

0 5 Gm b 1 d 


(4 tests) 

1,090 

G071 

7,181 

-1-12 

1,500 

0 25 Gm b 1 d 

D4 

1 400 1,800 

2 000 

5,757 

4,158 

—28 

2,500 

0 25Gm b i il 


(3 tests) 

1,704 


8,548 

-f4S 


05Gm b I d 

Do 

900 1,400 

1,013 

7,447 

4,072 

— 57 

950 

0 5 Gm b 1 d 


(4 tests) 

1 312 

7,447 

0,470 

—13 

1,252 

0 5 Gm b i d t| 



950 

7 447 

8,150 

+ 9 

1,070 

0 25 Gm b 1 d 



773 

7,447 

9,308 

-5-23 

762 

1 0 Gm ever\ 24 








hours II 

ns 

1,824 (4 tests) 

1 9o0 


20 399 


1865 

0 750 Gm b 1 d 

EG 

1,G50 (3 tests) 

1 335 


15 940 


1 332 

0 125 Gm b 1 d 


* Each test is the averaee of 3 days' basal output on diet alone 

t This animal refused food during this test and hence the output represents the fasting sjnthcsis of ehnllc neld ihe 
animal died as n result of the test no other tests were made prcalous to this one 
t 1 0 Gm sodium bicarbonate was given with the drug 
II 1 0 Gm of calcium gluconate \mis gi\en with each dose of the drug 


and thirty-sixth hours of return of bile The output of 
cholic acid was not depressed after administration of 
the drug was started There was no post-treatment 
depression of the output under basal conditions with the 
diet alone 

COMMENT 

A temporary depression m output of chohe 
acid was observed m six out of the 8 dogs in 
this study Depression occurred with doses of 
0 25 Gm every twelve houis as well as with 
0 5 Gm every twelve hours In the 16 tests 
on 8 dogs, definite depression occurred at some 
time during the forty-eight hour period of admin- 
istration of the drug and hourly return of bile 
in 6, or 38 per cent, of the tests In 4 of these 
6 tests depression occurred chiefly after the first 
dose of the drug In 1 test depression occurred 
only after the third dose, and in the other it 
occurred after tivo doses The depression was 
sufficiently great or prolonged to influence the 
total forty-eight hour output in only 4 tests. 


shows that a definite disturbance of appetite 
although a good indication that the liver is 
affected to the extent that a decrease in output 
of cholic acid occurs, is not an entirely reliable 
criterion Except for analysis of the bile for 
cholic acid, it is the best criterion that we have 
obseni^ed in these 8 animals and in 10 others 
which we hai^e studied but which are not men- 
tioned in this report because an hourly entero- 
hepatic circulation of bile and cinchophen w^as 
not established 

In 2 and possibly 3 tests (dogs A3 D4 and 
D6, table 4), the output of cholic acid was 
increased wnth administration of cinchophen 
We cannot be certain of this, however, since the 
hourly return of bile during a forty-eight hour 
period leads to a more rapid accumulation of 
cholic acid in the enterohepatic circuit at some 
times than at other times in the same dog That 
this irregulaiity of accumulation of cholic acid 
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does not explain the depression seen in 6 dogs 
IS apparent fiom the tables The output of cholic 
acid uas almost completely suppressed for peri- 
ods of several hours with cinchophen, which 
differs from the more steady and less marked 
depiession which may appeal to occui in some 
ot a series of tests on any single dog Obseiva- 
tions made in other work show that the i ate 
of accumulation of cholic acid in the enteio- 
hepatic circuit may vary as much as 15 pei cent 
tiom test to test in the same animal Hence, 
we doubt the significance of any increase smallei 
than 20 per cent under the conditions of these 
experiments 

We \\ere especially interested m ascertaining 
V whether forty-eight hours of administration of 
Cinchophen would affect the liver m relation to 
synthesis of cholic acid from the protein in the 
diet The data (table 4, column 4) reveal that 
m the period from twenty-four to seventy-two 
hours after the termination of the administration 
of the drug, synthesis of cholic acid was not 
significantly altered In 3 instances the output 
of cholic acid was depressed when return of bile 
and administration of cinchophen were stopped 
at the end of forty-eight hours for from two to 
twelve hours, but the return to the normal level 
was prompt thereaftei In 1 of these tests, on B3, 
the animal that died, the synthesis which 
occurred after the marked depression due to the 
drug was a high normal value for fasting Syn- 
thesis occurred even up to the hour of death 
The sample of bile in the collecting cylinder when 
the animal died contained a normal amount of 
cholic acid for the fasting condition 

Recovery of synthesis and output of cholic 
acid after administration of the drug has been 
discontinued might be anticipated, since m a 
subsequent study it will be shown that the bile 
becomes free of cinchophen m fifteen to twenty- 
four hours after administration of the last of a 
sei les of doses from 0 250 Gm up to 1 Gm 
daily with leturn of the bile to the intestine 
hourly However, recovery of output of cholic 
acid will occur (tables 3 and 4) after it has 
been initially depressed by cinchophen even while 
the administration of the drug is continued 
This fact, together with the fact that dog B3 
died when the liver had been free of exposure 
to cinchophen for five days, indicates that the 
drug may in some instances injure some vital 
function of the liver unrelated to the synthesis 
and excretion of cholic acid 

10 Berman, A L , Snapp, E , Ivy, A C , and 
Atkinson, A J On the Regulation and Homeostasis 
of tile Chohc Acid Output in Biliarv Fistula Dogs, 
Am J Physiol 131 776, 1941 


On the contiaiy, it may be argued that gastro- 
enteritis was the cause of death of dog B3 and 
not hepatic damage due to the cinchophen It 
may also be argued that the suppression of secre- 
tion of chohc acid observed for short periods 
on some occasions in dogs other than B3 was 
due to a distuibance of digestion and absorption 
of protein Since we did not analyze the stools 
for nitrogen, this possibility cannot be answered 
by submission of direct evidence Howevei as 
IS well known, the hvei of the fasting dog 
synthesizes and secretes chohc acid, and it is 
difficult to believe that cinchophen would so 
alter the intestine that none or only traces of 
the chohc acid in the bile initially returned to 
the intestine would be absoibed So we attribute 
the marked depression m secretion of chohc acid, 
wdien observed, to an effect of the cinchophen on 
the hepatic cells 

In the 3 tests in wdiich sodium bicarbonate 
or calcium gluconate was given with the cmcho- 
phen, the volume output or chohc acid content of 
the bile was not modified significantly In test 2 
on dog C4. in which sodium bicarbonate was 
given, cinchophen initially depressed the output 
of chohc acid (table 3) This evidence sup- 
poits the view' that the suppression of secretion 
of chohc acid, when it occurs, is not due solely 
to gastrointestinal irritation 

SUMMARY AND CONCLUSIONS 

Doses of cinchophen which on the basis of 
body weight are from one to four times the dose 
recently suggested for the use m the manage- 
ment of gout m human beings ’’ and which in 
the past have failed to cause distuibance in 
hepatic liver function as studied by the ordi- 
nary tests may sometimes cause a marked 
temporal y depression of synthesis and secretion 
of chohc acid by the livers of dogs After sucli 
doses of cinchophen a complete temporary sup- 
pression of secretion of chohc acid may occur 
m the absence of anorexia and objective gastro- 
intestinal symptoms 

Most animals lecover from the suppression of 
synthesis and secretion of chohc acid during 
lepeated administration of cinchophen in the 
doses used 

Since 1 extremely susceptible animal in our 
senes recovered from the suppression of syn- 
thesis and secretion of chohc acid and regardless 

11 Schnedorf, J G , Bradley, W B , and By, A C 
Effect of Acetylsalicyhc Acid upon Gastric Activity 
and the Modifying Action of Calcium Gluconate and 
Sodium Bicarbonate, Am J Digest Dis & Nutrition 
3 239, 1936 Reid and Ivy ® 



6 


ARCHIVES OF INTERNAL MEDICINE 


of this died within a week, it is concluded that 
death after administration of cmchophen is due to 
some vital function of the liver unrelated to the 
sj'nthesis and excretion of cholic acid or to some 
general toxic eftect not confined to the liver 
Since synthesis and secretion of cholic acid 
occur in the fasting animal, since cholic acid 
introduced into the intestine was not secreted 
in the bile during vaiious hourly periods of 
cmchophen medication in animals that were 
susceptible to the drug and since secretion of 
cholic acid may be completely suppressed tempo- 
ral ily without anorexia or other signs of 
gastrointestinal upset, it is concluded that the 
suppression of synthesis and secretion of cholic 
acid IS due chiefiy to the effect of the drug on 


the liver and not to its effect on the gastro- 
intestinal tract However, m the absence of an 
analysis of the bile for cholic acid, anorexia is the 
first and most reliable indication of sufficient 
damage to the livei to cause a failure of syn- 
thesis and secretion of cholic acid 

On the basis of the criterion of depression of 
secretion of cholic acid, susceptibility to the drug 
varies in the same and m different animals This 
variation observed m a selected group of animals 
with biliary fistulas in this laboratoiy vas more 
fully discussed in a previous paper 

12 Annegers, J H , Snapp, F E , Atkinson, A J , 
and Ivy, A C Variations in Susceptibilitv to Cin- 
chophen as Obsen'ed in Animals with Bile Fistulas, 
J Lab & Clin Med 28 828, 1943 



THE MORGAGNI-STEWART-MOREL SYNDROME 

REPORT OF A CASE WITH PNEUMOENCEPtlALOGRAPHIC FINDINGS 
MATTHEW T MOORE, MD 

PHILADELPHIA 


The symptom complex of hypeiostosis fiontalis 
mteina, or its variants desciibed by Sheiwood 
Moore/ with associated endocrine and neuro- 
psychiatric manifestations, had stimulated a 
degiee of mteiest, as evidenced by the increas- 
ing literature on the subject, to wairant the 
report of cases which may thiow moie light on 
the etiologic backgiound of this interesting con- 
dition The triad of hyperostosis fiontalis 
interna, obesity and virilism had been described 
originally by Morgagni ^ m 1765 Much latei 
(1928) the appearance of a moie careful study, 
by Stewart,® m which he described the autopsy 
obseivations and added the clinical feature of a 
psychosis to the syndiome, and the first descrip- 
tion of the syndrome as observed m a living 
person, by Moiel^ in 1930, brought the group 
picture of calvarial hyperostosis and endocrine, 
metabolic and neuropsychiatric manifestations 
into clearer lelief as an entity Moore’s elaboiate 
work ill leexamming roentgenograms of numer- 
ous human skulls revealed that among 6,650 
specimens foui types of calvarial hyperostosis 
could be distinguished, their frequency in ordei 
of appearance being hyperostosis fiontalis interna 
1 44 per cent, nebula frontalis 1 14 per cent, 
hyperostosis calvariae dififusa 0 6 pei cent and 
hyperostosis frontoparietahs 0 3 per cent He 
defined a symptom complex which later he 
termed “metabolic craniopathy ” A complete 
leview of the literature and of the hypotheses 
legardmg the causation and the desciiptions of 

* From the Doctors Hospital 

II From the University of Pennsylvania, Graduate 
School of Medicine 

1 Moore, S (o) Hyperostosis Frontalis Interna, 
Surg, Gynec & Obst 61 345-362, 1935, (&) Calvarial 
Hyperostosis and the Accompanying Symptom Complex, 
Arch Neurol & Psychiat 35 975-981 (May) 1936, 
(c) Metabolic Craniopathy, Am J Roentgenol 35 30- 
39, 1936 

2 Morgagni, J B De sedibus et causis morborum 
per anatomen indogatis libri qumque, ed 2, Padua, 
sumpt Pemondim, 1765, book 2, epistle 27 

3 Stewart, R M Localized Cranial Hyperostosis 
in the Insane, J Neurol & Psychopath 8 321-331, 
1928 

4 Morel, F L’hyperostose frontale interne Syn- 
drome de I’hyperostose frontale interne avec adipose et 
troubles cerebraux, Pans, Gaston Doin & Cie, 1930 


the pathologic changes aie not the puipose of 
this paper and may be consulted in the excellent 
reviews by Knies and Le Fevei,® Pei kins and 
Biglan ° and Andrews^ The entire sj-ndiome 
has been broadened to include both the oiigmal 
concept of Morgagni and those of Stewait and 
Moiel and the signs and symptoms desciibed by 
subsequent authors In the mam, the syndrome 
consists of the following elements one of the 
types of calvarial hyperostosis as desciibed by 
Moore, endocrine and metabolic distuibances, 
such as obesity, virilism and menstrual disoideis 
m female patients and gonadal deficiency m 
male patients , hypertension, and neuropsychi- 
atric manifestations, such as headaches, cranial 
nerve defects (disturbance m olfaction, seventh 
nerve palsy, diplopia, amblyopia), fatigability, 
musculai weakness, narcolepsy, convulsive seiz- 
ures, incooidmation, dizziness, staggeimg gait, 
attacks of sweating, distuibances of speech, 
mental dulness, defects of memoiy, changes m 
personality, in itability, mental detei loration and, 
teiminally, dementia It is not essential, how- 
ever, that all of these manifestations, with the 
exception of the pathognomonic roentgen find- 
ing of hyperostosis interna, he found m an 
individual case Briefly, the cause, although by 
no means definitely established, appears to be of 
both metabolic and endocrine oiigin,® concerned 

5 Kmes, P T , and Le Fever, H E Metabolic 
Craniopathy Hyperostosis Frontalis Interna, Ann Int 
Med 14 1858-1888, 1941 

6 Perkins, O C, and Biglan, A M Hyperostosis 
Frontalis Interna A Review of the Literature, Psy- 
chiatric Quart 12 340-350, 1938 

7 Andrews, C T Hyperostosis Frontalis Interna, 
Brit M J 2 185-187, 1942 

8 (a) Mortimer, H Influence of Anterior Pituitary 

on Cranial Form and Structure, A Research Nerv & 
Ment Dis, Proc (1936) 17 222-238, 1938, (b) in 
discussion on Carr,^^ p 986 (c) Mortimer, H , 

Levene, G , and Rowe, A W Cranial Dysplasias of 
Pituitary Origin, Radiology 29 135-157 and 279-290, 
1937 (d) Carr, A D Neuropsychiatnc Syndromes 

Associated with Hyperostosis Frontalis Interna, Arch 
Neurol & Psychiat 35 982-989 (May) 1936 (e) 

Henschen, F Hyperostosis verrucosa frontalis interna 
und deren Bedeutung, Acta path et microbiol Scan- 
dinav , 1936, supp 26, pp 95-97 , (/) Le “syndrome 
de Morgagni” (hyperostose frontale interne, virilisme, 
adipose), Ann d’anat path 13 943-960, 1936, (ff) 

(Footnotes continued on next page) 
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chiefly with fat and calcium deiangement and 
d}sfunction of the anterioi lobe of the pituitary 
and the paiathyroid, th 3 ioid and adienal glands 
It IS the consensus among most obseivers that 
this syndrome occiiis almost exclusively m the 
female, Moore leporting a 98 pei cent inci- 
dence, and IS seen mainly m late adult life 

It will be seen from the s}mptoms enumeiated 
and will be illustrated in the following case 
lepoit that this syndiome may be leadily con- 
lused with other endocrine oi neuropsychiatric 
disoideis, especially psychoneuroses, dementia 
paialj'tica, multiple scleiosis and tumoi of the 
hi am '• It IS important, therefoie, not to fall into 
the erroi eithei of minimizing the significance 
of the symptoms, thereby escaping the diagnosis, 
or of ti eating the patient “foi something which 
he does not have ” 

The following case is leported to illustiate 
failure to recognize the condition o\ei a period 
of many yeais because of the slow, progressive 
and apparently innocuous natuie of the disease 
which was euphemistically dismissed as a harm- 
less psychoneuiosis, and because of the pneumo- 
encephalographic findings, which may yield some 
information aflfordmg a bettei undei standing of 
the neuiopsychiatiic aspects of the syndrome 
Only one report of pneumoencephalographic 
findings has appeared thus fai m the liteiature, 
Knies and Le Fever ® lepoited plastic arachnoid- 
itis in one case (case 20) and dilatation of the 
anterior horns of the lateial ventricles in another 
(case 24) 

REPORT or CASE 

A G , a married woman aged 39, w'as admitted to 
the neurologic service of the Doctors Hospital, on 
Nov 20, 1942, giving as chief complaints headaches and 
attacks of drowsiness accompanied w'lth convulsive 
seizures Her family physician had made the diagnosis 
of a psychoneurosis 

Both parents were dead , the fathei died m an acci- 
dent at 36 j eai s of age , her mother died of pneumonia 
at S9 years of age Three siblings weie living and 
well There w'as no history of tuberculosis, cancer, 
diabetes, cardnrenal disease, epilepsy or mental disease 
m the immediate or collateral members of the family 
At the age of 8 3 'ears she had a minor injury of the 
head The menses began wdien she was 11 years old 
and occurred at ii regular intei-vals Since the birth of 

Alorgagni Sjmdrome, Hygiea 48 65-85, 1936, (/i) 
Alorgagnis Syndrom Hyperostosis frontalis interna, 
Virilismus, Obesitas, m Aschoff, L , Culen, W , Koch, 
W , and Schurmann, P V eroffentlichungen aus der 
Konstitutions- und Wehrpathologie, 1937, Berlin, Gustav 
Fischer, vol 9, pp 1-82 (t) Grieg, DM On Intra- 

cranial Osteophytes, Edinburgh M J 35 165-191 and 
237-260,1928 (j) Dressier, L Ueber die Hyperostosen 
des Stirnbems, Beitr z path \int u z allg Path 
78 332-363, 1927 

9 Knies and Le Fever “ Cai - Schw ab, S I , in 
discussion on Carr,®'l p 985 


a son, her only child, 12 years prior to her admission 
to the hospital, her periods had been regular but the 
flow' scanty 

Hei presenting complaints, drowsiness and “shaking 
spells,” had occurred frequently during the three months 
prior to admission These spells usuallj' came on about 
one hour or so after meals, often manifesting them- 
selves m an abortive form by discomfort and inabihti 
to concentrate Although vague about the time of 
inception of her present illness, she believed it began 
about ten years previously, with buzzing in the head 
Six \cars previouslj' she experienced “violent blood 
lushes to the head,” which on the following day were 
succeeded by headache and profuse sweating This 
endured for one year Drowsiness made its appearance 
about five years before her admission, and accompany- 
ing this was an impairment of memorv Moreover 
visual disturbances, consisting of “haze” over her eyes 
and a sensation of “sand in her ejes,” together with ^ 
double vision, came on about this time The double 
vision, although still present at times, had receded con- 
siderablj She had consulted numerous ophthal- 
mologists and finally, by a process of self-taught 
“ocular exercise,” had found improvement During 
the past vear, having been employed as a telegrapher 
she had noted that she would omit syllables or whole 
words and occasionally transpose words For the past 
few years she had slept poorlj, and recently she had 
experienced a sensation as though some one were under 
her bed pulling the bedclothes off and at times pushing 
her feet up For three or four j'ears past she had had 
bouts of “grogginess” and staggering gait, often being 
taken for a “drunk ” Recently, during these periods 
of uncertain gait she had suffered from clumsiness with 
her hands so that she often diopped objects More- 
over, she had been told that at such times she took on 
a peculiar expression with a livid color to the skin 
and that her eyelids drooped The “shaking spells,” 
although present for a longer time, had occurred at 
frequent intervals during the past six months These 
appeared at any time during the dav or night, and she 
did not recall the duration of each seizure Headache 
had been present for six months The pain involved 
mainlj' the left side, but occasionallj it vv’as initiated 
over the forehead and inv'olved the right side as well 
She had not been able to vv'ork during tlie past six 
months because of the many sj'inptoms besetting her 
The numerous physicians whom she had consulted 
usually put her off with the statement “go home and 
forget about it, j'ou’re just trving to get sjmpathj' for 
j'ourself ” 

The patient was a fairly well developed woman ( 

During the peiiod of observation in the hospital she was ’ 

given to swings of mood, at some times being euphoric 
and at others moody and depressed During her elated 
phases she was extremely garrulous and discussed hei 
many symptoms with a degree of relish Occasional!} 
she would stop abruptly while speaking and state that 
she had completely forgotten what she had intended 
saying She was abrupt in manner and suspicious and 
Ijelieved that her period of observation in the hospital 
constituted making her a “gumea-pig ” She was 
pioperly oriented for time, place and person, but at ^ 
times, after giving correct replies, she would say that ^ 
she did not know who she was or where she was 
Memorj for recent ev ents was not impaired, but she was 
evasiv'e when being tested for remote events There 
was some impairment of immediate recall She showed 
no halliicinatorv' or delusional tiends while in the hos- 
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pital Throughout her stay of twenty-hvo days she con- 
tinuously questioned the need for studies She would 
remain in bed for several days in a surly, negatmstic 
mood, followed by a period of considerable activity 



Fig 1 — Note the generalized thickening and increased 
density of the skull (which prevented proper penetra- 
tion of the x-raj's) with marked hyperostosis fronto- 
parietalis interna 

during which she would walk up and ^own the hos- 
pital corridors 

The contour of the skull was normal There was 
no defect m olfaction Vision was intact, and the fields 



Fig 2 — Posteroantenoi view The hyperostosis 
interna is marked just lateral to the vertex The calci- 
fication in the falx measures 4 mm by 2 cm 


proptosed, producing the appearance of a left external 
strabismus The pupils were round, regular and equal 
and responded promptly to light and in accommodation 
The extraocular movements were well performed in all 
diicctions Diplopia and nystagmus could not be 



Fig 3 — Pnenmoencephalograin, lateral view The 
thickness of the skull and the frontoparietal hyper- 
ostosis interna are more apparent here Observe the 
extreme atrophy of the frontal and parietal lobes, the 
dilatation of the lateral ventricles and the irregular 
outline of the roof of the lateral ventricles 

brought out There was a mild facial weakness on the 
left, central in type The remaining cranial nerves 
were normal Muscular weakness was present in a 
mild form The biceps and triceps reflexes were very 



Fig 4 — Pneumoencephalogram, anteroposterioi view, 
showing cortical atrophy, pronounced atrophy ot the 
islands of Red, moderate enlargement of the lateral 
'ventricles and calcification of the falx just aboie the 
corpus callosum 


were full The ophthalmoscopic examination show'ed a 
general hyperemia of the disks and retinas The ves- 
sels were full, especially the veins, which were broader 
than normal The left eye was larger and somewhat 


prompt, and a radial periosteal reflex was present bi- 
laterally A suggestive Hoffman sign was present in 
the left hand The abdominal reflexes were absent 
The knee jerks and ankle jerks were exaggerated, but 
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pathologic leflexes were not obtained Coordination 
was unimpaired The Romberg maneuvei, station and 
gait were normal Sensation was intact throughout m 
all modalities The chest, abdomen and limbs showed 
no abnormalities The temperature varied from normal 
to 99 4 F The blood pressure was 118 systolic and 
90 diastolic and the pulse rate 72 The third day after 
admission she had an “attack” described by the nurse 
as a “wave of tremors and spasms, rigid body, left eye 
turned outward, unable to talk and unable to move” 
Roentgenograms of the skull showed an increased 
thickness and density of bone throughout the frontal, 
parietal and occipital regions In addition, there were 
irregular hyperostoses of the inner table of the frontal 
and parietal bones The sella turcica was small, and 
the clinoid processes were almost completely bridged 
Calcification of the faK, measuring 4 mm by 2 cm , was 
present (figs 1 and 2) 



Fig 5 — Pneumoencephalogram, posteroanterior view, 
showing enlarged, asymmetric lateral ventricles and the 
hyperostosis in relief 


In view of the roentgen findings of a thickened 
calvarium with frontoparietal hyperostosis interna asso- 
ciated with the neuropsychiatric phenomena, the diag- 
nosis of Morgagni-Stewart-Morel syndrome was made 
The similaiity of many of the behavioral peculiarities, 
personahtj' changes and mental symptoms to those of 
dementia paralytica prompted the performance of 
pneumoencephalography in the hope of finding some 
explanation m terms of intra-vitam cerebral changes 
Pneumoencephalography was performed on No\ 27, 
1942 Spinal puncture, with the patient in the recumbent 
position, showed an initial pressure of 74 mm of cere- 
brospinal fluid After 158 cc of cerebrospinal fluid had 
been removed and 150 cc of air injected in small 
amounts, there was still a free flow of fluid The 
pneumoencephalograms showed pronounced cortical 
atrophy over the frontal and parietal lobes, atrophy of 
the islands of Red and moderate^ ad\anced internal 


hydrocephalus, with asymmetry and irregularity of the 
lateral ventricles (figs 3, 4 and 5) Laboratory studies 
showed normal blood cell count, normal results of 
urinalysis, normal cerebrospinal fluid, normal serologic 
reactions of blood and cerebrospinal fluid , blood calcium 
112 mg per hundred cubic centimeters, blood phosphorus 
2 5 mg and blood cholesterol 300 mg , basal metabolic 
rate, — 23, — 10 and + 2 , sugar tolerance, during fasting 
70 mg at one-half hour 145 mg and at one hour 165 
mg per hundred cubic centimeters, urinary creatinine, 
549, 497 and 787 mg per liter on successive days, 
creatine -f creatinine, 609, 1,224 and 860 mg per liter 

During the last ten days m the hospital she received 
some form of gelatin with each meal and an amino acid 
preparation She believed there was slight improve- 
ment in her headache and an increase in strength This 
report may have been unreliable, because after being 
discharged she refused treatment and expressed paranoid 
ideas 

COMMENT 

Cases of the composite syndrome of hyper- 
ostosis frontalis interna with accompanying 
neuiopsychiatric manifestations associated with 
cerebral atrophy pose a number of interesting 
questions Are the mental symptoms related to 
the cerebral atrophy 1“ Is the cerebral atrophy a 
secondary process caused by the impingement 
of the hyperostotic osteophytes^ Is the cerebral 
atrophy primary and the hyperostosis a 
compensatory process^ Are the bony and cere- 
bral changes due to separate and unrelated 
mechanisms, or are they individual reactions of 
the tissues to essentially the same constitutional 
disturbances in the metabolic and endocrine 
spheres or perhaps to some as yet unidentified 
factor? Moore,^ in describing the bony changes 
of what he termed “metabolic craniopathy,” 
stated that “the skull does not increase in size 
— this fact is significant foi the leason that the 
inci eased volume of the bone under these 
circumstances has to be accommodated at the 
expense of the capacity of the cianial cavity’ 
This implies that the biain is involved either b^ 
direct pressure or by a disturbance secondary to 
diminished volume of blood or cerebrospinal 
fluid and indirectly implies that such changes 
could be responsible for the neuropsychiatnc 
aspects of this syndrome The similarity of the 
atrophy described in the case presented here to 
that seen in pneumoencephalograms m cases of 
dementia paralytica would indicate that there 
is a relationship of the atrophic changes with the 
mental symptoms Moreover, the pneumoen- 
cephalographic and autopsy evidence of cerebral 
atrophy m such conditions as presenile sclerosis 
(Alzheimer’s disease), Pick’s disease and pro- 

10 Moore, M T , Nathan, D , Elliott, A R , and 
Laubach, C Encephalographic Studies in Mental Dis- 
ease, Am J Psychiat 92 43-67, 1935 
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giessive subcoitical encephalopathy (Schildei’s 
disease), uhich present neuropsychiatiic symp- 
toms, again would substantiate the relation- 
ship between the atrophy and the nervous 
and mental symptoms Theie is much dis- 
agreement legardmg the question as to which 
comes fill St, that is, whethei the cranial hyper- 
ostosis is followed by the ceiebral degeneration 
or whethei the piocess is the leveise Morel ^ 
originally believed that the hyperostosis interna 
damaged the underlying brain directly, but later 
he retracted this view and concuired with Grieg,®^ 
who expressed the opinion that the intracranial 
osteophytes did not of and by themselves produce 
ceiebial damage or bung on mental symptoms 
Others have maintained that the piessuie exerted 
by the hypei ostosis results in cortical degen- 
eiation, wheieas Henschen,’-^ Schneidei and 
Stewart have presented convincing data that 
the piessure exerted by the frontal hyperostosis 
does not per se produce the neuropsychiatric 
signs and symptoms The encephalograms (figs 
3, 4 and 5) show that the areas of cortical 
atrophy are not in direct contact with the hyper- 
ostoses at all points but that fluid-filled spaces 
exist between the inner table of the skull and 
the brain This obseivation would also preclude 
the contention that the hyperostosis fills m the 
“dead space” as a compensatoiy mechanism 
Stewait^"^ showed this conclusively in a leport 
on a 68 yeai old woman presenting an advanced 
foim of hypei ostosis fiontahs inteina, stating 

The brain showed a massive lobar softening of three 
\ eai s’ duration, limited to the right cerebral hemisphere, 
the other hemisphere showing only a minoi degree of 
senile atrophy The opinion is expressed that this 
crossed relationship between the gross atrophy of the 
light cerebral hemisphere and the thickei left half of 
the pais frontalis lends no support for the view that 
in hyperostosis frontalis interna, reduction of the 
\olunie of the biaiii stimulates the deposit of new 
bone 

Roth would make it appeal that the cranial 
bony changes and the neui opsychiatnc mani- 
festations are of sepaiate origin He stated that 
“neuiologic and mental sequelae, as a consequence 
of the piesence of the hypeiostoses, appear to 

11 Morel, F L’hvperostose frontale intei ne, Schweiz 
med Wchnschr 67 1235-1237, 1937 

12 Henschen (footnote 8 e, f, g and h) 

13 Schneider, E Zur Kenntnis der Schadelosteome 
und der Hj’-perostosis frontalis, Med Klin 32 487-490, 
1936 

14 Stewart, R M Hypei ostosis Frontalis Inteina 
Its Relationship to Cerebral Atrophy, J Ment Sc 87 
600-607, 1941 

15 Roth, N The Syndrome of Frontal Internal 
Hypei ostosis, Am J Psychiat 98 63-69, 1941 


be quite infiequent” — this despite the fact that 
all of his 8 patients presented either psychiatiic 
or neurologic conditions — and concluded that 
“the neuropsychiatric signs and symptoms were 
the lesult of other factois, such as cerebial 
artel losclerosis, hypertension, etc” It must be 
borne in mind that the mental symptoms may 
antedate by as much as ten or twenty yeai s ® 
the final establishment of the diagnosis by the 
roentgenogram The patient reported on here, 
aged 39, showed no evidence of arterioscleiosis, 
and blood pressure readings weie low Moie- 
over, some of her symptoms were of ten years’ 
duration Knies and Le Fever ® have repoited 
frontal hyperostosis in a 7 year old boy, son of 
a 41 year old woman who had the symptom 
complex of hyperostosis frontalis interna, with 
endocrine and neuropsychiatric disturbances 

Hemphill and Stengel reported the histo- 
pathologic observations in the case of a 65 yeai 
old patient presenting the syndrome of fiontal 
hyperostosis The biain exhibited a diffuse and 
focal loss of ganglion cells of the third and fifth, 
and to a lesser degree of the sixth, cortical layers 
in the frontal and parietal lobes The cerebial 
blood vessels showed no marked changes Patho- 
logic changes were found in the antenoi lobe of 
the pituitary, paiathyroid, thyroid and adrenal 
glands The encephalographic examination in 
the case herein repoited revealed a degree of 
atrophy which histologically would be com- 
parable to that described in the above case 

The patient repoited on here had menstrual 
irregularities and imbalance of the vegetative 
nervous system The laboiatory data, showing 
the disparity of the abnormal calcium-phosphorus 
latio, the high blood cholesterol level, low basal 
metabolic rate and disturbed sugar tolerance, 
are indicative of both metabolic and endocrine 
disturbances Mortimei and his associates 
have shown the relationship existing between 
calcium and fat metabolism and the function of 
the anterior lobe of the hypophysis and have 
expiessed the belief that the Moigagni-Stewait- 
Morel syndrome results from endociine dys- 
function, mainly of pituitary origin Others ® 
also have offered an explanation for the varied 
symptoms on an endocrine basis It appears, 
therefoie, that this syndiome is in fact a consti- 
tutional disordei manifesting itself in a peculiar 
localized involvement of the cianial bones and a 

16 Hemphill, R E, and Stengel, E Morgagni’s 
Syndrome A Clinical and Pathological Studj-^, T Ment 
Sc 86 341-365, 1940 

17 !Mortimei klortimer, Levene and Rowe^c 
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biochemical and moiphologic disturbance in the 
brain 

In view of the fact that the Moigagni-Stewart- 
J\Ioiel syndiome often occuis in incomplete pat- 
terns, it would not be too hazaidous at this time 
to ventuie the view that the cerebial changes 
occui, at a slow and irregulai rate to be sure, 
pan passu with the metabolic craniopathy and 
reflect a leaction of the individual tissues 
to an altered metabolic state When the 
cianiopathy and endociine manifestations pie- 
dominate and no oveit ps}choneurosis oi ps}'- 
chosis exists, then the Moigagni appellation is 
gnen howevei, if m addition neuiopsychiatric 


disordeis appear, the Stewart-Morel designation 
is attached 

SUMM \KY 

A woman piesented the syndrome ot calvaiial 
hyperostosis with metabolic, endocrine and 
neurops} chiatric disturbances (Morgagni-Stew- 
art-Morel S3'ndiome) Pneumoencephalographic 
studies showed evidence of ceiebial degeneration 
111 the form of frontoparietal coitical atrophy 
atrophy of the islands of Red, asymmetry of the 
lateral ventiicles and model ate internal hydro- 
cephalus 
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111 previous publications it has been shown that 
sulfanilamide is iiioie effective against pneumo- 
cocci in bone marrow cultuies than antiserum is, 
that sulfanilamide plus antiseium is much more 
effective than eithei alone, ^ that sulfapyridine 
alone is much more effective than sulfanilamide 
plus antiserum and that sulf apyi idine plus anti- 
set um IS definitely mote effective than sulfa- 
pyi idine alone - Sulfathiazole has been shown 
to be much moie effective against staphylococcic 


Dr Bullowa wrote this paper tiom marrow culture 
data submitted to him by Dr Osgood Because of a 
protracted illness, followed by death on Nov 9, 1943, he 
was unable to include the clinical data as planned 

These studies received financial support fiom the 
Dazian Fund, the Littauer Pneumonia Research Fund, 
the Metropolitan Life Insurance Company, Mr Ber- 
nard M Baruch, Mr Bernard M Baiuch Jr, Miss 
Belle N Baruch and Mis H Robert Samstag 

From the Medical Service of Hailem Hospital and 
the Department of Hospitals of the City of New York, 
Oswald LaRotunda, Director , from the Department of 
Medicine and the Division of Experimental Medicine, 
Lmversity of Oregon Medical School, and from the 
Littauer Pneumonia Research Fund of New York 
L'liiveisity College of Medicine 

1 Osgood, E E Culture of Human Marrow A 
Comparative Study of the Effects of Sulfanilamide and 
Antipneumococcus Serum on the Course of Experi- 
mental Pneumococcic Infections, Arch Int Med 62 
181-198 (Aug) 1938 

2 Bullowa, J G M , Osgood, E E , Bukantz, 
S C , and Brownlee, I E The Effect of Sulfapyri- 
(iine Alone and with Seium on Pneumococcic Pneu- 
monia and on Pneumococcus-Infected Mariow Cultures 
Results in Four Hundred and Thirty-Seven Pneumo- 
eoccic Pneumonia Patients Rotated for Treatment, Am 
T M Sc 199 364-380 (March) 1940 


infections than sulfapyi idme ^ The relative 
effectiveness of seveial sulfonamide diugs against 
pneumococci is piesented m the present stud) 

The marrow culture method has proved to be 
effective foi conti oiled, quantitative measurement 
of the action of theiapeutic agents on bacteria m 
the presence of living human cells ‘ 

EXPERIMENTAL STUDY 

About 50 cc of a cultuie which contained 
about 100,000,000 living human nucleated mai- 
low cells 111 a medium which consisted of 35 
pel cent human cord serum obtained from the 
fetal side of the placenta and 65 per cent balanced 
salt solution ’’’ was placed m a 50 cc vaccine vial 
and inoculated with recently isolated virulent 
stiains of various types of pneumococci from the 

3 (a) Osgood, E E Effectiveness of Neoars- 
phenamme. Sulfanilamide and Sulfapyridine m Marrow 
Cultures Infected with Staphylococci and Alpha Strep- 
tococci, Proc Soc Exper IBiol & Med 42 795-797 
(Dec) 1939 (b) Osgood, E E, Joski, J, and 
Brownlee, I E The Supeiiority of Neoarsphenaminc 
and Sulfathiazole m the Therapy of Staphylococcus 
Aureus Infections in Marrow Cultures, Sui g , Gynec 
& Obst 71 445-450 (Oct) 1940 

4 Osgood, E E (a) Marrow Cultures, m A Sjm- 
posium on the Blood and Blood-Forming Organs, Madi- 
son, Wis, University of Wisconsin Press, 1939, pp 219- 
241, (b) Culture of Human Marrow Studies on tlu 
Mode of Action of Sulfanilamide, JAMA 110 349- 
356 (Jan 29) 1938, (c) Culture of Human Marrow 
Studies of the Relative Effectneness of Neoarsphena- 
mine, Mapharsen, Sulfanilamide, Sulfapi ridine, Sulfa- 
thiazole, and Sulfamethjlthiazole on Infections with 
Streptococcus Vindans (Alpha Hemohtic Streptococ- 
cus), Am T M Sc 200 596-603 (Nov ) 1940 

5 Oseood, E E, and Biownlee, I E Culture oi 
Human ;Marrowf Details of a Simple Method JAM 
\ 108 1793-1796 (Mav) 1937 
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pneumonia service of Harlem Hospital, New 
York After thorough mixing, pour plate colony 
counts were made, and equal volumes of cultuie 
were placed in each of six to eight 30 cc vaccine 
vials To each of these except one, which was 
left as a control, the desired concentration of 
one of the sulfonamide compounds to be tested 
was added The cultures were then placed m 
the incubator At intervals samples were le- 
moved from each vial, and pour plate colony 
counts and stained smears were made This 
technic insures that the cultures from one experi- 
ment are identical m every respect except for the 
drugs purposely mtioduced Examples of the 
types of results obtained in individual experi- 
ments are shown in tables 1 to 4 The stained 
smears from these experiments show the appeal - 

Table 1 — Evpenment with Type VII Pncumococct ’’ 


Hours 



0 

G 

25 

49 

Control 

180 

24,500 

270 000,000 


Sulfapyridine 1 20,000 

180 

750 f 


00 

Sulfathiazole 1 20,000 

180 

250’ 


00 

Sulfamethylthiazole 1 20,000 

180 

150? 


1 

Sulfaphenylthiazole 1 20,000 

180 

50,000 

000,000,000 



♦ The figures represent colony counts 


ance which would be expected fiom the colony 
counts, as illustrated in figui es 4 to 9 m an article 
by Schmith ®'' 

Sulfapyndme and sulfathiazole were extiemely 
effective against pneumococci In order to show 
a difference, comparatively laige inoculations 
were used and a 1 20,000 concentration, which 
corresponds to 5 mg of the drugs pei hundred 
cubic centimeters E\en under these conditions, 
m the majority of the experiments both sulfa- 

Table 2 — Evpemnent with Type V Pnemnococci* 


lldurt- 


0 

27 

30 

54 



Control 

,90 

ICO 000,000 



Sulfapyndme 

1 20,000 

3<I0 


50 

100 000 

Sulfathiazole 

1 20,000 

390 


4,000 

30,000,000 

Sulfamethylthiazole 

1 20,000 

390 


30,000,000 

250,000 

Sodium sulfanilyl 
sulfanilate 1 20,'X)0 

390 

100,000 000 




* The figures represent colony counts 


pyridine and sulfathiazole led to steiihty after 
twenty-four to seventy-two houis, as is shown 
in table 1 They theiefore appeared to be 

Sa Schmith, K E^^penmental Studies on the Effect 
of Sulfapyndme on Pneumococci and Gonococci, Copen- 
hagen, Arnold Busck, 1941 


equally effective (Against some strains, howevei, 
sulfapyndme was more effective than sulfathia- 
zole [table 2], and against other strains sulfa- 
thiazole was more effective than sulfapyndme 
[table 3] ) In the experiment summarized in 
table 1 sulfaphenylthiazole was completely in- 
effective, as was sodium sulfanilyl sulfanilate in 
the experiments reported m tables 2 and 3 Sulf- 
amethylthiazole according to tables 2 and 3 was 
extremely effective, but it was definitely less 
effective as a rule than sulfapyndme and sulfa- 
thiazole, although there were occasional excep- 
tions In table 4 sulfapyndme and sulfathiazole 
are shown to have been equally effective, sulfa- 
methylthiazole of some value and sulfaphenyl- 
thiazole totally ineffective ' 

Table 5 summarizes the results of the experi- 
ments As we have previously reported,® dif- 

Table 3 — Expenvient with Type VII Pneumococci * 


Hours 



0 

27 

,j4 

Control 

2S0 

100 000,000 


Sulfapyridine 1 20,000 

280 

0 SCO 9 coo 

Sulfathiazole 1 20,000 

280 


35 107 

Sulfamethylthiazole 

1 20,000 

280 


151,000 

Sodium sulfanilyl 
sulfanilate 1 20,000 

280 

100,000,000 



• The figures represent colony counts 


ferent strains of the same type of pneumococcus 
showed marked differences in susceptibility to 
these diugs The strain of type IV investigated 
m these experiments was relatively resistant 
to all of the drugs investigated, although in 
other experiments strains of type IV have been 
found which were highly susceptible to the ac- 
tion of sulfapyndme It is noteworthy that in 
11 of the 22 experiments sulfapyndme and sulf- 
athiazole led to sterility and thus were equally 
effective Sulfamethylthiazole led to steiiht) 

Table 4 — Experiment with Type VIII Pneumococci* 


Hours 


0 

6 

25 

48 


Control 

820 

17,800 

100,000,000 


Sulfapyridine 1 20,000 

820 

400? 

50 

0 

Sulfathiazole 1 20,000 

820 

100? 

50 

0 

Sulfamethylthiazole 1 20,000 

820 

200? 

50 

70? 

Sulfaphenylthiazole 1 20,000 

820 

300? 

250 000 000 



* The figures represent colony counts 


in 7 of the 20 experiments in which it was used 
In 2 of the experiments with pneumococci of 
type VIII all three drugs were equally, but only 
slightly, effective This makes a total of 4 of the 

6 Bullowa, Osgood, Bukantz and Brownlee - 
Osgood ^ 
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22 experiments in winch sulfapyndme and sulfa- 
thiazole weie equally effective and of 10 of the 
20 m which sulfamethylthiazole was as effective 
as sulfapyndme and sulfathiazole In 1 experi- 
ment sulfapyndme was definitely superior to 
sulfathiazole, and m 7 experiments sulfathiazole 
was supeiior to sulfapyndme Neoarsphenamnie 
was totally ineffective against all strains of 
pneumococci tested, hence data on tests with it 
aie omitted from the tables 

From these obseivations it may be concluded 
that there is no leason ever to employ sulf- 
amethylthiazole in the treatment of pneumonia, 
because both sulfapyndme and sulfathiazole offei 
more promise and are not as toxic From the 
standpoint of absolute effectiveness under these 
conditions there is no choice between sulfapyri- 
dme and sulfathiazole 


Table 5 — Compaiahve Effectiveness of Dings Against 
Pneumococci ^ 


Type 

« 

strain 

Inocula 

lation 

Sulfa 

pyndme 

Sulfa 

thiazole 

Sulfa 

methyl 

thiazole 

I 

A 

a 

6 

C 

6 

I 

B 

0 

0 

0 

0 

n 


3 

6 

3 

6 

HI 


2 

5 

2 

4 

IV 

A 

O 

8 

8 

8 

IV 

A 

3 

8 

8 

8 

V 

A 

2 

0 

0 

0 

V 

A 

2 

6 

7 

5 

VII 

A 

1 

0 

0 

8 

VII 

A 

2 

0 

0 

0 

VII 

A 

3 

6 

2 

3 

VII 

B 

2 

4 

0 

2 

VII 

B 

2 

3 

1 

5 

VIII 

A 

2 

0 

0 

0 

VIII 

A 

2 

0 

0 

0 

VIII 

B 

3 

8 

5 

0 

vin 

B 

3 

7 

6 

7 

XII 

A 

1 

0 

0 

0 

xn 

A 

3 

0 

0 

0 

XXV 

A 

2 

0 

0 


XXV 

A 

2 

0 

0 



* The figures represent the logarithm of the final colony 
count 


This senes of expeiiments employing a single 
concentration of the drugs was completed before 
sulfadiazine and sulfathiazohne (2-sulfanilyl-3,5- 
dihydrothiazole) weie available Later, obseiva- 
tions were made employing several dilutions of 
each drug and seveial sizes of inoculum as well 
as diffeient stiains, because these aie the factors 
which influence effectiveness These results are 
shown in table 6 The observations of Schmith 
that susceptibility of oiganisms may be described 
in terms of numbei of organisms and concen- 
tiation of sulfapyndme to which they are vul- 
neiable is supported by these lesults A dis- 
cussion of table 6 follows 

InocidaHon of 100 Oi ganisms pet Cubic Centi- 
inetei ot Less — With 20 organisms per cubic 
centimetei of a t3’-pe IV stiain (J H ) of pneu- 


mococci, sulfathiazole was supeiior to sulfadia- 
zine The culture was sterilized with 10 mg of 
sulfadiazine per hundred cubic centimeters but 
not with 5 mg , whereas sulfathiazole was effec- 
tive with 5 mg per hundred cubic centimeters 
With 24 oiganisms per cubic centimeter of a 
type VII strain (G S ) of pneumococci, 5 mg of 
sulfathiazole per hundred cubic centimeters was 
effective, as was 20 mg of sulfadiazine per hun- 
dred cubic centimeters (the only concentration 
used) With 10 mg per hundred cubic centi- 
meters sterilization by sulfathiazole occurred, 
though it was delayed With an inoculum of 100 
organisms per cubic centimeter of a type XII 
strain (R J ) of pneumococci, 5 mg of sulfa- 
thiazole per hundred cubic centimeters, 20 mg 
of sulfadiazine and 10 mg of sulfathiazohne were 
effective Sulfanilamide was ineffective 
Inoculation of More than 100 Oiganisms pet 
Cubic Centimeter and Less than 200 — Sulfa- 
thiazole was superior to sulfadiazine with an 
inoculum of 141 organisms per cubic centimeter 
of a type VII strain (G S ) of pneumococci 
Sulfadiazine sterilized in a concentration of 20 
mg per hundred cubic centimeters but not in 
a concentration of 10 mg per hundred cubic 
centimeters, whereas 5 mg per hundred cubic 
centimeters of sulfathiazole produced sterility 
With 128 oiganisms per cubic centimeter of a 
type IV strain (J H ) of pneumococci, 5 nig 
per hundred cubic centimeters of sulfathiazole 
was as effective as 10 mg of sulfadiazine 
Inoculation of 200 to 500 Ot ganisms pet Cubic 
Centimetet — ^With 276 organisms per cubic cen- 
timeter of a type I strain (M Ber ) of pneumo- 
cocci, 20 mg of sulfadiazine per bundled cubic 
centimeters was slightly better than 5 mg of 
sulfathiazole per hundred cubic centimeters, but 
neither resulted in sterility With 350 organisms 
per cubic centimeter of a type I stiain (M Ben ) 
of pneumococci, 5 mg of sulfathiazole per hun- 
dred cubic centimeters was better than 20 mg 
of sulfadiazine per hundred cubic centimeters in 
effecting sterility With 330 organisms pei 
cubic centimeter of a type I strain (M Ben ) 
of pneumococci, 5 mg of sulfathiazole pei 
hundred cubic centimeters was superior to 20 mg 
of sulfadiazine in effecting sterility With 220 
oiganisms of a type IV strain (B G ) of 
pneumococci sterilization was not accomplished 
by 5 mg of sulfathiazole per hundred cubic 
centimeters or by 10 mg of sulfadiazine With 
458 organisms per cubic centimeter of a type 
VIII strain (L T ) of pneumococci, neither 
sulfathiazole nor sulfadiazine in a concentration 
of 5 mg pel hundred cubic centimeters resulted 
in steiiht} 



Iable 6 — hxpci tmcnts ui Which Diffeient Concentiatwiis of Diiiys, Siccs of Inoculums and Stiatus JVeic Used 






Coneen 



I oeiirithm of Bacterial Population 




Pneumo 


tration, 




Ilourt, ‘Vfter Inoculations 




Name of 

COCCUS 


Me /lOO 

Initi ll r- 




A 




Case 

Patient 

Tj pe 

Dnit 

Cc 

Inoculum 

0 

10 20 

20 24 

24 40 

4649 

49 78 

78-143 

1 

M B 

I 


Control 

276 

2 44 

83 









Sulfathia/ole 

5 


2 44 

5 93 

0 75 


83 






Sulfadiazine 

5 


2 44 

83 









Sulfadiazine 

20 


2 44 

490 

5 59 


0 72 



2 

M B 

I 


Control 

3>0 

2 52 

7 22 


8 1 







Sulfadiazine 

5 


2 52 

4 03 



0 90 

83 





Sulfadiazine 

10 


2 52 

3 12 



179 

2 99 





Sulfadiazine 

20 


2 62 

3 02 



2 78 

2 57 





Sulfathiazole 

S 


2 52 

260 



284 




L 1 

III 


Control 

070 

S83 


7 91 

734 







Sulfadiazine 

5 

670 

3 83 


7 71 

820 

83 






Sulfathiazole 

10 

070 

383 


4 05 

4 20 

4 08 

5 74 


4 

I H 

l\ 


Control 

20 

1 3 

83 









Sulfadiazine 

5 


1 " 

1 20 



0 21 






Sulfadiazine 

10 


1 J 

20 



0 






Sulfadiazine 

20 


1 3 

1 7 



0 






Sulfathiazole 

5 


1 3 

1 7 



0 



4 

1 H 

l\ 


Control 

oso 

2 99 

8 5 









Sulfadiazine 

5 


299 

30 



0 






Sulfadiazine 

10 


299 

20 



0 






Sulfadiazine 

20 


299 

1 7 



0 






Sulfathiazole 

5 


2 99 

1 7 



0 



4 

T H 



Control 

128 

211 


83 








Sulfathiazoiino 

5 


2 11 



0 

0 

0 





Sulfathiazoline 

10 


2 11 



0 

0 

0 





Sulfanilamide 

5 


211 



4 40 

8 . 






Sulfanilamide 

10 


2 11 



4 40 

5 1 

7 85 





Sulfadiazine 

10 


2 11 



0 

0 

0 





Sulfadiazine 

20 


211 



0 

0 

0 





Sulfathiazole 

5 


211 



0 

0 

0 


» 

11 f! 

l\ 


Control 

220 

2 34 

83 









Sulfathiazoline 

5 


234 

505 

7 )S 








Sulfadiazine 

5 


2 34 

7 87 

83 








Sulfadiazine 

10 


2 34 

0 51 

7 94 





0 

G S 

1 11 


Control 

2-1 

1 38 










Sulfathiazoline 

10 


138 



140 

0 

0 





Sulfanilamide 

10 


138 



490 

S3 






Sulfadiazine 



1 39 



0 

0 

0 





Sulfathiazole 

5 


1 ,9 



0 

0 

0 


7 

n M 

t II 


Control 

2 700 

3 43 


83 








Sulfadiazine 

5 


3 43 


7 59 

83 







Sulfathiazole 

6 


3 43 


4 25 

4 70 

S3 



1 

D M 

t It 


Control 

1 640 

3 21 



83 







Sulfadiazine 

6 


3 21 



390 


394 





Sulfathiazole 

5 


3 21 



304 


0 


• 

D M 

•VII 


Control 

1 100 

3 03 

81 









Sulfadiazine 

5 

1 100 

3 0’ 


4 48 


4 70 


83 




Sulfathiazole 

5 

1 100 

3 63 


371 


23 


4 33 


L r 

Mil 


Control 

4'iS 

2 60 


7 79 








Sulfadiazine 

T 

458 

260 


704 

7 55 







Sulfathiazole 

5 

45.8 

200 


5 59 

6 25 

83 



») 

R J 

MI 


Control 

100 

20 










Sulfathiazoiino 

10 


20 



0 

0 

0 





Sulfathiazole 

5 


20 



0 

0 

0 





Sulfanilamide 

10 


2 0 



5 74 

S3 






Sulfadi izino 

20 


20 



0 

0 

0 



Tabie 7 — Soil} CCS of Strains and Fates of Then Last Hosts 


Day of Dl'cnce 






Day of 




^ 


> 





Type of 


Disease 



Total 


Total 

Total 




Pa 

Pneu 

Pa 

Blood 

Culture 


Day 

Dose of 


Grams 

Days 

Highest 

Day of 


tient’s 

mo 

tient’s 

Oul 

Tahen foi 


Serum 

Serum, 

Drug 

Drug 

Drug 

Coneen 

Termi 


Initials coccus 

4ee 

ture 

Study 

Involvement 

Started 

Lnits 

Started 

Gii on * 

Given 

tration 

nation 

Results 

M Ber 

I 

50 


8lh 

RUL 

gth 

190,000 

rabbit 





14th 

Recovered 

M Ben 

I 

35 


2d 

RDL RIB 

4th 

75,000 

rabbit 

4th 

10 NaSp 

o 

" 6 on 5tli 

5th 

Recovered 

C T 

III 

32 

^ee 

5th 

BBI 

4th 

140 000 
rabbit 

4th 

19 Sp 

4 

4 7 on 6th 

5th 

Recovered 

J H 

IV 

39 

5- 0 

Gth 

RMB RTT 

Gth 

017,500 

Sth 

25 Sd 

7 

5 1 on Gth 

10th 

Recovered 




9— 




rabbit 


3 NaSp 

1 

6 1 on Sth 

3 7 on 10th 

(58 hr ) 


B G 

IV 

46 

Neg 


Osteomyelitis 
of spine with 
sinus formation 








Recovered 

G S 

VII 

28 

7 

7th (spinal LLL 



7th 

18 Sp 

0 

3 7 on Sth 

10th 

Recovered 





fluid) 






3 0 on 10th 






8— 

7th (blood) 






3 5 on 12th 



D M 

VII 

oO 

Neg 

7th 

Bronchitis 






3 3 on 


Recovered 

B T 

VIII 

59 

Neg 

Gth 

RDB 



6th 

13 Sd 

3 

3 3 on 7th 

7th 

Recovered 

B J 

XII 

10 mo 

Neg 

Far and 

RIB RDT 

Sth 

101,250 

2d 

3 25Sd 

3 

3 2 on 7th 

7 th 

Recovered 





throat 



nbbit 


160 Sd 

1 

6 7 on Sth 







Jan 15 f 







6 9 on 9th 




• ITaSp indicates sodium sulfapyridine Sp , sulfapjTidlne, and Sd sulfadiazine 

f The historv is too incomplete to flic the day of tlie disease The patient Tvns admitted to the hospital on December 13 
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Inoculation of Moie than 500 Oujamsms pei 
Cubic Centimetei — With 670 organisms pei 
cubic centimeter of a type III stiain (C T ) of 
pneumococci, 10 mg of sulfathiazole per hundred 
cubic centimeters was more efficient than 5 mg 
of sulfadiazine per hundred cubic centimeters, 
but sterility was not achieved With 980 organ- 
isms per cubic centimeter of a type IV strain 
( J H ) of pneumococci, sterility was achieved 
by sulfadiazine with 5,10 and 20 mg per hundred 
cubic centimetei s and with sulfathiazole with 5 
mg per hundred cubic centimeters When inoc- 
ulums of 1,100 organisms per cubic centimetei 
of a type VII stiaiii (D M ) of pneumococci 
were employed, both sulfadiazine and sulfathia- 
zole in a concentration of 5 mg per hundred 
cubic centimeters failed to sterilize, though bac 
teriostasis w^as more prolonged with sulfathiazole 
This was also the case with 2,700 organisms pei 
cubic centimeter of the same strain 

SOURCES OF STRAINS OF ORGANISMS 
STUDIED 

The sources of the strains studied and the 
fates of their last hosts are shown in table 7 
-\I1 of the patients recovered The patients 
were treated on different days of illness, they 
were of different ages, and their illnesses, as 
measured by degree of involvement and of inva- 
sion of the blood were of varying severity Dif- 
ferent specific therapies were employed On 
this account, the comparative effectiveness of 
tlie drugs cannot be inferred from the data on 
these cases Since these observations were made, 
we have observed cases m which the organisms 
w'ere unaffected by one of the drugs in concen- 
trations usually accepted as satisfactory but in 
w'hich a different drug, shown to be more ef- 
ficacious by in vitro tests, has been successfully 
employed 

Some of the factois making for recovery fiom 
pneumococcic infection after tieatment wuth sul- 
fonamide drugs are m the individual case, such 
as duration of illness, duration of administration 
responsiveness of tissues both humoral and cel- 


lulai, integrity of tissues, especially the kidneys 
and liver, and inhibitors m the blood or exudates, 
while other factors aie more particularly related 
to the concentration of the sulfonamide compound 
maintained, its penetrability, toxicity and con- 
version and the damage done during excretion 
In the clinical application of sulfonamide com- 
pounds it IS necessary to consider the extent of 
the invasion, the previous experience of the 
invading strain and the immunity, active or 
passive, cuirently produced by the host The 
concentration of organisms m the lungs as re- 
\ealed by the examination of sputum may be as 
important as the degree of invasion of the blood 
This IS suggested by the observations on sputum 
of Frisch,' as well as by the inability to effect 
sterilization m heavily infected serous cavities or 
ulcerated areas, such as the cardiac valves 

CONCLUSIONS 

1 he sulfonamide drugs differ in pneumo- 
coccidal and pneumococcostatic activity Usually 
sulfathiazole and sulfapyndme in a concentration 
of 5 mg pel hundred cubic centimeters ai e 
equally active in destroying pneumococci Sulfa- 
thiazole is more active against pneumococci than 
sulfadiazine m equal concentration, and than 
sulfathiazohne, sulfanilamide or sodium sulfanilyl 
sulfanilate Neoarsphenamine is totally ineffec- 
tive against pneumococci, while sulfadiazine, sulfa- 
thiazole and sulfapyndme are extremely effec- 
tive The concenti ation of organisms, as mea- 
sured by the inoculum, and the concentration of 
the drug achieved and maintained are important 
factors influencing the therapeutic activity of the 
sulfonamide compounds Very large inoculums 
were not sterilized by the concenti ations usually 
employed clinically Strains of pneumococci of 
the same type ^differed m their resistance to the 
same sulfonamide drugs m identical concenti a- 
tions m vitro 

University of Oregon Medical School, Portland, Ore 

7 Frisch, A W Sputum Studies in Pneumonia 
as an Aid in Prognosis, Am J Clin Path 10 472 
(July) 1940 
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In the couise of investigating diabetic retinitis, 
many instances of increased capillary fi agility 
vere noted in the absence of blood dyscrasia or 
obvious vitamin C deficiency For this reason 
it was considered impoitant to investigate cap- 
illaiy fragility in diabetes, since the literature 
contains no record of such a study Reported 
methods of determining this vascular abnormality 
vary so widely m technic and in interpretation 
that it was deemed necessary to evaluate the 
known methods before undertaking this investi- 
gation 

Capillary fragility is usually determined by 
one of two methods, either negative oi positive 
pressure being used The first method, intro- 
duced by Hecht,^ consists essentially m applica- 
tion of negative pressure over a standard area 
of skin for a given period of time Most of the 
subsequent investigators ^ have used a procedure 
in which a glass cup, 10 to 28 mm in diameter 
at the mouth, is pressed for one minute against 
the skin and the pressure within is reduced by a 
suction pump to a given degree of negative 
pressure, which is measured by an anaeroid or 
mercury manometei The pressure at which 
petechiae appear is considered the level of fra- 
gility It IS found that the capillary fragility 
varies considerably with the site of the cutaneous 
area tested Hecht states that the fi agility is 
less over the back and on the extensor surfaces 
of the arms The end points considered as posi- 
tive are also variable Dalldorf ® originally ad- 

From the Medical and Surgical Services of the Beth 
Israel Hospital 

Aided by a grant from the Charlton Research Fund, 
Tufts College Medical School 

1 Hecht, A F Experimentell-Klinische Unter- 
suchungen uber Hautblutungen im Kindesalter, Jahrb 
f Kinderh 65 113, 1907 

2 (a) Da Silva-Mello, A Die Wandresistenz der 

Blutkapillaren, Munchen med Wchnschr 76 1717, 
1929 (b) Brock, J , and Malcus, A Ueber die 

Capillarresistenz im Kindesalter, Ztschr f Kinderh 
56 237, 1934 (c) Schrader, R Ueber Veranderungen 

im Vorhalten der Dichte der Kapillarwandung und 
deren Nachweis durch das Endothelsymptom, Mitt a 
d Grenzgb d Med u Chir 34 260, 1921 

3 Dalldorf, G A Sensitive Test for Subclinical 
Scurvj in Man, Am J Dis Child 46 794 (Oct ) 1933 


Aused the determination of the pressure “necessaiy 
to produce several macroscopic petechiae easily 
seen with the unaided eye ” O’Hara and Hauch,^ 
however, said “Later it was decided [on the 
basis of a conference with Dalldorf] to adopt 
as the threshold reading the lowest negative 
pressure which, on casual inspection, gave an im- 
mediate impression that bleeding had occurred ” 
Of their positive reactions about 80 per cent 
included 2 to 25 petechiae As a rule, m readings 
which were considered negative there v ere fi om 
0 to 10 petechiae 

Dalldorf,^ m attempting to standardize the 
procedure, considered 30 mm as the average 
pressure for the outer position of the arm, and 
Elliott ® leported a negative pressure of 20 to 35 
mm of mercury as the normal range in the 
antecubital fossa It has been stated that A-^aria- 
tions can occur before menses, with the climac- 
terium,-‘= with psychic influences,-® with age,®® 
with the season “ and with the hour of the day ' 
Moreover, even at a given time Robei ts and hei 
associates ® have noted such variations m the 
two arms that the}^ have averaged the readings 
of the two 

Most disturbing is the fact that O’Hara and 
Hauch found that m the same subject the capil- 
lary resistance varies considerably at a given time 
in contiguous areas of skin and m the same 
area fiom day to day 

In view of these u regular findings, it was felt 
necessary to check this method An apparatus 
was made consisting of a glass cup 1 cm m 
diameter, a hand pump and a mercury manom- 
eter In pel forming the test piecaution was 
taken not to pull the cup away from the skin 
until atmospheric piessure w^as restored in the 
interior of the cup Tests were perfoimed on 

4 O’Hara, P , and Hauch, H M The Storage of 
Vitamin C by Normal Adults Following a Period of 
Low Intake, J Nutrition 12 413, 1936 

5 Elhott, R H E The Use of the Suction Test 
for Capillary Resistance in Thrombocytopenic Purpura, 

J A M A 110 1177 (April 9) 1938 

6 Roberts, L J , Blair, R , and Bailey, M Seasonal 
Variations in Capillary Resistance of Institution Chil- 
dren, J Pediat 2 626, 1937 
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hospitalized patients selected at random The 
test on a given patient was pei formed at one 
sitting unless otherwise noted, and the number 
of petechiae at one or more pressure levels was 
noted 

Table 1 illustrates some of the results obtained 
with this method It is evident that the test 
IS not consistent or reliable, since contiguous 
areas of one arm at the same time show marked 
variations For example, patients S C , B K 
and L G showed variations in the number of 
petechiae produced as a result of repeated tests 
at the same pressure I R , R D and F G 
had fewer petechiae at greater negative pressures 
than at smaller negative pressures 

Table 1 — Capillaiy Fragility in Nondiabetic Non- 
hypertensive Patients Determined by Negative 
Pressure Method 


Number of Petechiae at Negative Pressure of 

A 



10 

15 

20 

25 

30 

35 

40 


Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Mm 

Name 

Hg 

Hg 

Hg 

Hg 

Hg 

Hg 

Hg 

R P 


1 

3 

1 

3 

3 


S 0 

1* 

12 

Innum 






7 

3 

erable 






9 







I R 

1 

10 

13 

4 

11 

3 

14 



6 






R D 


1 

C 

0 

8 






7 

1 




F P 



5 

0 

0 

0 

2 




0 

0 

12 

4 

3 






3 



L R 


3 

0 

10 

3 

0 

1 





3 




P G 

0 

6 

0 

8 

0 

Innum 




4 




erable 


B K 

8 

3 

0 

2 

20 




4 








1 







L G 

15 








4 


* Multiple readings indicate tests on contiguous areas 

The positive piessuie technic of Rumpel 
(1909) and Leede ® (1911) was therefore investi- 
gated This consists in raising the venous and 
capillary pressure of the arm by means of a 
tourniquet oi a Riva-Rocci cuff The appearance 
of macroscopic capillary ruptures (petechiae) is 
the end point All subsequent mvestigatoi s were 
careful to define the conditions under which then 
test was carried out The time of compression is 
eithei five minutes (Brock,"'’ Schradei -'=) oi 

7 Rumpel Hautblutungen m Scharlach, Munchen 
med Wchnschr 56 1404, 1909 

8 Leede, C Hautblutungen durch Stauung her- 
vorgerufen als diagnostisches Hilfsmittel bei Scharlach, 
Hunchen med Wchnschr 58 293, 1911 , Zur Beurteil- 
bng des Rumpel-Leedeschen Scharlachphanomens, ibid 
58 1673, 1911 


fifteen minutes (Gothhn,'’ Wright ^°) The pies- 
sure used varies considerably 35 mm , 50 mm , 
to a point where “pulse is still palpable” oi 
exactly between the systolic and the diastolic 
pressure The place of observation is the whole 
aim below the tourniquet or a circumscribed area, 
such as the antecubital fossa,® or a 2 5 cm circle 
4 cm below the crease of the elbow on the flexor 
surface of the forearm^® The reading, usually 
done by good daylight oi its equivalent, is either 
quahtative or quantitative It is of interest 
that none of the various authors stated whethei 
single or repeated tests were used m drawing 
conclusions concerning the capillary fragility 

Bell and his co-workeis compared the results 
obtained on apparently healthy medical students 
with both positive (Gothhn) and negative 
(Dalldorf and Russell) pressuie methods They 
concluded that the results of each of the tests 
were consistent within themselves but that the 
results given by the two methods were not com- 
parable They suggested that possibly the two 
methods determine different functions of the 
capillaiies They were unable, howevei, to de- 
cide which of the two methods is to be piefeired 

The method of Gothhn ® was considered im- 
piactical by us, first, because the positive 
leadings consist of small numbers of petechiae 
(2 to 6), which increases the chances of eiroi 
through misinterpretation , second, because it 
lequires using as many as three fifteen minute 
tests at three successively increased pressures 
for a given patient at one sitting It is time con- 
suming and may be frequently objected to by the 
patient 

Therefore, the following two methods weie 
used in the present study 

(a) The qualitative-diastolic method This 
consists of compressing the upper aim by 
a Riva-Rocci cuff for fifteen minutes at the 
patient’s diastolic pressure An estimate of the 
petechiae below the cuff was classified as “nega- 
tive, slightly positive or definitely positive ” 

(b) The Wright modification of Gothhn’s 
technic This consists in application of a Riva- 
Rocci cuff to the upper arm for fifteen minutes 
(unless otheiwise indicated) at a pressuie half- 

9 GolbJjjj, G F OulJjJie of a Method wr tJie 
Determination of the Strength of the Skin Capillaries 
and the Indirect Estimation of the Individual Vitamin 
C Standard, J Lab & Clin Med 18 484, 1933 

10 Wright, I S , and Lilienfeld, A Pharmacologic 
and Therapeutic Properties of Crystalline Ahtamm C, 
Arch Int Med 57 241 (Feb ) 1936 

11 Brock -t* Gothhn^ Wright and Lilienfeld^® 

12 Bell, G H , Lazarus, S , Alunro, H N , and 
Scarborough, H Capillary Fragility (Resistance) 
Negative and Positive Pressure Test Compared Lancet 
2 536, 1942 
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A\ay between the patient’s systolic and diastolic 
pressure The petechiae weie counted in a 2 5 
cm circle on the flexor surface of the arm 4 cm 
below the crease of the elbow after waiting two 
to four minutes to allow the arm to regain its 
normal color For a small number of patients 
fifteen minutes was intolerably long (especially 
at higher pressures) because of discomfort m the 
aim below the cuff The readings weie inter- 
preted as follows 0 to 20 petechiae as negatn^e 
and over 20 as positive In analyzing our results 
it was found useful to subdivide the positive read- 
ings into those with less and those with more 
than 50 petechiae It may be of interest to men- 
tion that both the control and the diabetic 
patients usually showed small distinct petechiae, in 


nor subsequent investigatois ha\e mentioned 
these factors, an independent control group was 
used 

RESULTS 

In chait 1 aie shown results based on a posi- 
tive reaction with 20 petechiae or over and 1 
with 50 petechiae or ovei Capillary fiagiliti 
w'as determined for 39 diabetic and 46 nondia- 
betic patients All the patients w ere ambulator} 
and none had hypei tension or other complica- 
tions The diabetes w'as of long duration and 
varied both in severit}*^ and in state of control 
The percentage of patients who show^ed increased 
capillary fragility reached a peak in the fifth and \ 
sixth decades m both groups There was a y 


Table 2 — CapiUmy Piagtltly ui Dtabchc Patients 


Wright Method 




Systolic 


Qualltatlvi 

3 Diastolic 

Method 

^ • ■ 


^ 




and 



A 


-> Number of Obserr ations 




Diastolic 

^umbcr of Observations 


1 ■ 

A 





Blood 


i 



0-10 

2060 

50 




Pressure, 

Ncga 

Slightly 

Posl 

Period of 

Pete 

Pete 

Pete 

Period of 

J»ainc 

Ate 

Mm Hg 

tile 

Positive 

tive 

Observation 

chine 

chine 

chine 

Observation 

i G 

00 

190/ 70 

0 

2 

1 

6 months 

0 

0 

4 

2 months 

> G 

ov 

180/1C0 

-1 

h 

{ 

1 , months 

0 

2 

I 

1 month 

G P 

07 

150/ SO 

3 

4 

3 

10 months 

0 

1 

4 

2 months 

A K 

41 

185/ So 

2 

0 

0 

1*4 years 

0 

2 

1 

1 month 

R P 

SO 

140/ 80 

2 

2 

4 

1 year 

0 

0 

b 

4 months 

\I B 

w 

135/ 75 

8 

5 

4 

15 months 

1 

0 

4 

4 months 

A S 

52 

135/ 75 

12 

17 

3 

1 year 

0 

0 

2 


R B 

63 

140/ 80 

7 

12 

3 

10 months 

0 

1 

2 

1 month 

S P 

01 

185/ 00 





1 

6 

o 

2 months 

s W 

01 

125/ 70 





0 

0 

7 

8 months 

G L 

03 

150/ 70 





0 

0 

4 

3 months 

S B 

67 

125/ 05 





0 

0 

C 

4 months 

F D 

65 

146/ 80 





0 

0 

7 

8 months 

P G 

60 

120/ 70 

2 

5 

7 

14 months 





P G 

69 

160/ 80 

1 

0 

2 

3 months 





B N 

60 

135/ 90 

9 

3 

0 

1 month 





B S 

C7 

145/ 80 

12 

I 


14 months 





F S 

70 

180/ 90 

1 

0 

o 

0 ■VTceXs 






contradistinction to the large confluent petechiae 
observed in persons with thrombopenic purpura 
and other blood dyscrasias 

Table 2 gives the results of positive pressure 
tests repeated over a peiiod of one or more 
months on a gioup of diabetic patients There 
was a variation m the results obtained in the 
same patient at different times, but this variation 
■was greater m the case of the quahtative-diastolic 
method The latter could be used, how'^evei, if 
sufficient numbeis of tests weie performed 
Wright’s method gave more uniform results 
Accordingly, with this procedure a smallei 
number of tests are lequired 

In the study of the state of capillary fragility 
m diabetic patients it was deemed necessary to 
evaluate carefully the effect of age and of hypei - 
tension on the test The presence of hypertension 
is especially important, since the height of the 
jiressure at which the test is carried out vanes 
with the blood pressure Since neither Wright 


gi eater incidence of increased capillary fragility 
in the diabetic as compared with the nondiabetic 
patients It is interesting to note that similar 

Table 3 — Capillary Ft agility in Diabetic Hypci tensive 
Patients Determined Simultaneously at Test Pres- 
sure Levels of 100 Mm of Mercury and Mid- 
way Between Systolic and Diastolic 
Pressii) e 


Number of Petcehiae 
> — 

At Pressure 


Name 

Age 

Systoljc and 
Diastolic 
Blood Pressure, 
Mm Hg 

Halfway 
Between 
Systolic and 
Diastolic 

At Pressure 

of 

100 Mm 

Hg 

A R 

CO 

160/ 90 

135 

46 

H S 

74 

180/100 

200 

4 

M W 

58 

160/ 95 

63 

120 

1, S 

70 

165/ 85 

80 

120 

B W 

71 

165/ 85 

140 

0 

A 0 

68 

260/130 

200 

13 

A 0 

68 

180/100 

200 

100 

N T 

67 

200/100 

180 

25 

J G 

70 

210/ 90 

56 

45 

S P 

61 

240/120 

200 

70 

E G 

69 

180/105 

400 

170 

I O 

60 

185/ 90 

180 

13 

ereentage of patients with 60 pete 
chiae or over 

lOO 

42 
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cunes weie obtained when 20 petechiae 
(Wright) and 50 petechiae weie taken as the 
liasis of a positive result 

Chart 2 sliows the results obtained in a study 
of the capillaiy fi agility in 54 diabetic patients 




Chart 1 — Frequency of increased capillary fragility 
in 39 diabetic (solid line) and 46 nondiabetic (broken 
line) patients in relation to age 


(15 with hypei tension) and 67 nondiabetic 
patients (21 with hypertension) Of the hypei - 
tensive patients with diabetes, 100 pei cent 
showed increased capillary fi agility, as compared 
with 53 pel cent of the hypei tensive patients 
without diabetes Snnilaily the nonhypei tensive 
patients with diabetes showed a higher incidence 
of increased capillaiy fi agility (54 per cent) than 
those without diabetes (24 jici cent) It is also 
evident that the subjects with hypertension 
showed a greater incidence of increased capillary 
fi agility (53 per cent) than those without hyper- 
tension (24 pei cent) 


Since the piessure level at which the touini- 
quet test is carried out is highei in the case of 
hypertensive subjects (when the point mld^^ay 
between systolic and diastolic piessures is used), 
a compaiison of the results at a lo^\er pressuie 
Icuel (namely 100 mm, which is comparable to 
that used foi nonhypertensive subjects) with 
those at higher levels was made On 12 diabetic 
patients with hypertension such an experiment 
was peifoimed as follow^s On one arm the 
tourniquet test was performed at a pressure of 
100 mm and on the other at the usual higher 
level 

As shown m table 3, all patients exhibited m- 
ci eased capillary fragility at the higher pressuie 
and only 42 pei cent at the low^er pressure (50 
petechiae being used as the end point) Referring 
to chart 2, it is noted that of the diabetic patients 
wuthout hypertension, whose test pressure w'^as 
about 100 mm of mercuiy, 54 per cent had a 
positive reaction to the tourniquet test, while of 
the diabetic patients with hypertension only 42 
pei cent had a positive reaction to that test 
(table 3) at the same pressuie level of 100 This 
suggests that m the case of hypertensive patients 
the level of piessure at which the test is pei- 
foimed rathei than the tension per se is respon- 



Chart 2 — Frequency of increased capillaiy fragilit\ 
in 39 nondiabetic nonhypertensn e patients (solid bar), 
45 nondiabetic hypertensive patients (diagonal lines) 
21 diabetic nonlwpertensive patients (dots) and 15 
diabetic hypertensive patients (lertical lines) 

sible for the high percentage of positne reactions 
to capillaiy fragility tests Further stud} is 
necessan to determine the pioper piessure at 
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which the touiniquet test should be perfoimed 
on hypertensive peisons foi the determination 
of capillary fragility 

The results shown m chart 2 indicate that, 
iriespective of the validity of the fi agility test 
in the piesence of hypei tension, there is a defi- 
nitely inci eased capillary fi agility in diabetic 
patients as compaied with nondiabetic persons 
of the same age Further, fioni chart 1 it is 
evident that the incidence of inci eased capillary 
fragility in persons with diabetes parallels that of 
nondiabetic subjects with increasing age 

CONCLUSIONS 

Vaiious methods for measuring capillaiy fra- 
giht)' have been investigated Negative pressure 
methods were found to be unieliable Of the 
positive pressuie methods tried on a group of 
diabetic patients, W i ight’s method gave the most 
leliable lesults 


A group of 54 adult patients (15 with hyper- 
tension) and 67 nondiabetic patients (21 with 
hypertension) weie tested by Wright’s method 
The incidence of increased capillary fragility was 
greatest in the fifth and sixth decades The 
diabetic patients showed a greater incidence of 
increased capillary fragility at each age decade 
than the nondiabetic subjects 

In diabetic hypertensive patients the test 
showed a greater incidence of increased capil- 
laiy fi agility at the higher pressure levels (mid- 
way between systolic and diastolic pressure), as 
used by Wright, than at a lower arbitrary level 
(100 mm of mercury) when performed simul- 
taneously on the two aims 

Without further study no conclusions can be 
drawn concerning tlie proper pressure at which 
the positive piessure test should be performed 
on hypertensive patients 

311 Commonwealth Avenue 
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In 1936 'Szent-Gyorgyi and his associates ^ 
isolated a crystalline substance from lemons which 
they called citrin They found that this sub- 
stance corrected the inci eased capillary fragility 
in guinea pigs on a scoibutogenic diet and in 
human beings with certain pathologic conditions 
They called it vitamin P Subsequently, studies 
both on animals and on human beings were 
cairied out by numerous investigators It was 
shown that citrin, a flavanone glucoside, is 
composed of two fractions, hesperidm glucoside - 
(foimula I shows the aglycone), which is 
insoluble in water and is stable, and eriodictyol 
glucoside (formula II shows the aglycone), 
which IS water soluble and sensitive to oxida- 
tion Eriodictyol is demethylated hesperidm and 
contains the unstable orthohydroqumone group 
It has been i eported that the relative amounts 
of these substances in citrin vary with the ripen- 
ing of the fruit used in its preparation and with 
the method of isolation However, in most of 
the publications concerning therapy no indication 
of the relative amounts of the two fractions in 
citrin prepared according to Szent-Gyorgyi’s 
method is given It has also been shown that 
hesperidm is readily converted by alkali to the 
open ling chalcone (3,2',4',(5'-tetrahydioxy-4- 

From the Medical and Surgical Services of the Beth 
Israel Hospital 

Aided by a grant from the Charlton Research Fund, 
Tufts College Medical School 

1 (a) Rusznyak, S , and Szent-Gyorgyi, A Vita- 

min P Flavonols as Vitamins, Nature, London 138 27, 
1936 (b) Armentano, L , Bentsath, A , Beres, T , 

Rusznyak, S , and Szent-Gyorgyi, A Ueber der 
Einfluss von Substanzen der Flavongruppe auf die 
Peimeabihtat der Kapillaren Vitamin P, Deutsche 
med Wchnschr 62 1325, 1936 (c) Szent-Gyorgyi, A 

Methoden zur Herstellung von Citrin, Ztschr f physiol 
Chem 255 126, 1938 

2 (a) Bruckner, V , and Szent-Gyorgyi, A Chemi- 
cal Nature of Citrin, Nature, London 138 1057, 1936 
(b) Wilson, C W A Study of the Boric Acid Color 
Reaction of Flavone Derivatives, J Am Chem Soc 
61 2303, 1939 


methoxychalcone glucoside) ® Wawra and 
Webb postulated that hesperidm in this form is 
attached to protein through the a, /? unsaturated 
ketonic group They suggested that the chalcone 
IS the biologically active component of citrin 
They have further shown that after conversion 
of hesperidm to the chalcone by treatment with 



HESPERIDIN AGLYCONE I 



ERIODICTYOL AGLYCONE JL 

alkali in the cold the chalcone may be pi ecipitated 
by acidification and that in crystalline form it 
slowly reverts to hesperidm If the chalcone is 
indeed the biologically active constituent of 
citrin, the results of therapeutic tests with 
hesperidm depend to a large extent on the 
manner in which it is handled, such as treatment 
with alkali at some stage in its isolation, the 
length of time it stands in crystalline form or in 
solution before use, and whether the oral or the 
intravenous route of administration is employed 
These factors may be considered, in part, as a 

3 (a) Wawra, C Z , and Webb, J L The Iso- 
lation of a New Oxidation — Reduction Enzyme from 
Lemon Peel (Vitamin P), Science 96 302, 1942 (b) 

Wilson -1^ 
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leason foi the conflicting reports on the efficacy 
of vitamin P theiapy 

In addition, in observations on man, the effec- 
tiveness of the therapy has been judged to a 
large extent by the result of some type of 
capillary fragility test In the reports in which 
the method of measurement is given, the negative 
pressuie method, which we consider uniehable, 
was commonly used (table 1) 

In a previous communication ‘ we have dis- 
cussed the pitfalls of mterpietation of data 
obtained by the vaiious methods for detei mining 
capillary fragilit) , wdnch explain m part the 
discrepancies m the literature as to the thera- 
peutic results The negative pressuie method 
was found to be unreliable because of the vari- 
ability of the findings m the same patient at a 
given time The Wiight positive pressure 
method can be utilized only if age and blood 
pressure are taken ^ into consideration in accoid- 
ance with findings pieviously pointed out 

A review of the literatuie (table 1) indicates 
that citrin was tried in a wnde variety of cases 
with increased capillary fragilit}^ inespective of 
the underlying disease Foi example, it w'as 
used m tieatment of such widely differing syn- 
dromes as tuberculosis, pleurisy, myxedema and 
multiple myeloma Conclusions of doubtful val- 
idity were drawn fiom some cases in which 
clinical bleeding alone w'as used as a criteiion 
of therapeutic effectiveness, many of them cases 
of self-limited diseases, such as measles, arsenic 
intoxication and nephiitis 

This IS a report of the effects of various sub- 
stances containing vitamin P and of purified 
components of citrin, hesperidin and enodictj'ol 
in diabetic patients wnth increased capillary fra- 
gility as measured by positive pressure methods 
Most of the preparations weie given orally, but 
to a few long and well studied diabetic patients 
the puiified hesperidin and eriodictyol were 
administered intravenously In addition, the in- 
creased capillary fragility m 2 cases of thiombo- 
penic purpura and in 1 case of rheumatoid arth- 
ritis was treated by intiavenous injection of 
hesperidin and eriodictyol 

METHODS 

To determine capillary fragility tlie Wright ® quan- 
titative positive pressure method was used These ob- 
servations were subject to the reservations for patients’ 
age and blood pressure which were pointed out in a 
previous communication ^ For a preliminary series of 

4 Beaser, S B , Rudy, A , and Seligman, A M 
Capillary Fragility m Relation to Diabetes Mellitus, 
Hypertension and Age, Arch Int Med , this issue, p 18 

5 Wright, I S , and Lilienfeld, A Pharmacologic 
and Therapeutic Properties of Vitamin C, Arch Int 
Med 57 241 (Feb) 1936 


patients the qualitative positue pressure test, in vhicli 
the diastolic pressure w'as maintained for fifteen niinutc'; 
and an estimate made of the number of petechiac on the 
forearm and dorsum of the hand, was used in deter- 
mining a negative, slightly positive or markedly posi 
tivc result 

Patients exhibiting an increased capillary fragiliu 
w'crc used as test subjects Before therapeutic tests were 
undertaken, the presence of increased capillary fragilib 
was confirmed by repeated tests performed over a period 
of at least several weeks and in some cases mam 
months All of the patients had diabetes, except for 
2 with thrombopenic purpura and 1 with rheumatoid 
arthritis 

A course of vitamin C therapy was instituted before 
vitamin P therapy was undertaken excep,*- for 2 patients 
both of whom had a normal level of vitamin C in 
the plasma “ The dissociation between the therapeutic 
effects of vitamins C and P has been emphasized b\ 
Scarborough and his associates ^ and also observed 
b 5 ' Shwachman and Gould ® The latter found that vita- 
min C administered to scorbutic guinea pigs stimulated 
the phosphatase-producing centers, but they failed to 
obtain this with our preparations of eriodictyol and 
hesperidin,® which tlie> gave intrapentoneally, 'singh 
and in combination 

In one series an exhaustive course of oral adminis- 
tration of vutamins C and B complex was given before 
treatment with vitamin P was started Vitamin P was 
administered in several forms, as follows 

1 Fresh lemon juice 

2 Fresh crude lemon-hot water extract, given oralh 
according to the method recommended by the research 
laboratory of the California Fruit Growers’ Exchange 

3 Tablets containing 025 Gm of hesperidin, given 
orally (found by the hot alkali test to contain onh 
traces of eriodictyol) 

4 Hesperidin which was prepared in crystalline foim 
from the finely powdered tablets by a continuous extrac- 
tion with hot diethylene dioxide (dioxane) and crystal- 
lization from diethylene dioxide and acetone as fine pale 
yellow crystals These gave a negative reaction for 
eriodictyol with hot potassium hydroxide solution Thi‘: 

6 Blood vitamin C was determined as plasma ascor 
bic acid by the method of R L Mindlin and A l^f 
Butler (The Determination of Ascorbic Acid in Plasma 
A Macromethod and Micromethod, J Biol Chem 122 
673, 1938) The normal range of plasma ascorbic acui 
during fasting was considered 0 8 to 14 mg per hun- 
dred cubic centimeters of blood 

7 Scarborough, H , and Stewart, C P Effect ot 
Hesperidin (Vitamin P) on Capillary Fragility, Lancet 
2 610, 1938 

8 Shwachman, H , and Gould, B S Serum Pho'^’ 
phatase m Experimental Scurvy, J Nutrition 23 271 
1942 

9 Shwachman, H , and Gould, B S Personal 
communication to the authors 

10 Vitamin C tablets and vitamin B complex cap- 
sules were supplied by the Hoffmann-LaRoche, Inc , ot 
Nutley, N J , hesperidin tablets, by Glaxo LaboratoriC'' 
Ltd , of Greenford, England, through Ayerst, McKenna 
and Harrison Ltd , of Montreal, Canada, and calcium 
eriodictate, by Abbott Laboratories, North Chicago, 111 

11 Lorenz, A J , and Arnold, L J Personal com 
munication to the authors 

12 Huszak, S Ueber das Schicksal parenteral ein- 
verleibter Citrinlosung in Tierkorper, Ztschr f phj'siol 
Chem 249 214, 1937 





Tablf 1 — Summaiy of Rcpotts on the Use of Vitamin P Clinically 


Dii-eiifco 

Preparation 

Method of Adminis 
tration and Dosage 

Test 

Method 

Number 

Therapeutic of 
Effectiveness Cases 

Author 

Comments 
Concerning Capil 
larv Eragilitj 

1 Vascular 
purpura 

Oitrin solution intra 
vcnously, 20 40 mg per 
day for 8 12 days 

Negative 

pressure 

Good 

3 

Armentano, Bentsath, Beres 
Kus/nj ak and Szent Gy orgy i 

Negative pressure 
method unreliable 

2 ^ ascular 
purpura 

Citrin solution intra 
vcnously 

Clinical 

bleeding 

Good 

2 

Lajos, S Ivhn Wchnsclir 

16 1615, 1937 

Unreliable test 
method 

; Vascular 

1)111 pura 

Citrin solution intra 
venouslj, 50mg per 
(lay for 0 weeks 

Negative 

pressure 

Good after 

G 10 weeks 


Jersild, T Lancet 1 1445, 

1938 

Negative pressure 
method unreliable 
and question of 
spontaneous 
remission 

'J 'Ihrombopenic 
purpura 

1 

Citrin solution intra 
venouslj, 20 40 mg per 
<lay for 8 12 days 

Negative 

pressure 

Lquiv ocal 

4 

Armentano, Bentsath, Beres, 
Rusznyak and Szent Gy orgy i 

Negative pressure 
method unreliabk 

-) Thrombopenic 
^ purpura 


Clinical 

course 

None 


Rosenthal, N J A AI A 
112:101, 1939 


G Thrombopenic 
purpura 

Oitiin solution intra 
venouslj , 50 mg twice 
in 4 weeks 

“Toumi 
qiiet test" 
of capillary 
fragility 
and plate 
lets 

None 


Vaughan, M Brit M J 2 

842, 1937 


T Tbroinbopcnic 
purpura 

Citrin solution and 
vitamin C, intra 
vcnously 

Bleeding 
time and 
platelet 
counts 

Good 

o 

Decker, 0 T Munchen mod 
Wehnschr S6 292, 1939 

Unreliable method 

S Thrombopenic 
purpura 

Citrin solution intra 
vcnously, 25 60 mg per 
day and orally 

25 mg per day 

Negative 

pressure 

Good 

o 

Vacek, V Schweiz med 
Wehnschr 71 155, 1941 

Negative pressure 
method unreliable 

G Leukemia 

Citrin orally, 50 mg 
per day 

Develop 
ment of 
petechiac 

Good 

o 

Vacek Ibid 

Unreliable test 
method, no fol 
low up 

10 Multiple mycl 
oma 

Citrin solution intra 
vcnously, 40 mg 

Clinical 

bleeding 

Stopped for 
2 days 


Vacek Ibid 

Inreliablc test 
method 

U Vitamin deli 
cioncy purpura 

Hosperidin tablets 
orally, 1 Gm 

Negative 

pressure 

Good 

6 

Scarborough ' 

Negative pressure 
method unreliable 

12 Vitamin deli 
cicney purpura 

Citrin solution intra 
v'cnously, 50 mg per 
day 

Clinical 

bleeding 

Good 


Jersild T Lancet 1 6.32 

1939 

Unreliable te«t 
method 

11 Infectious dis 
cases, measles 

Hesperidin tablets 
orally, 0 25 Gm every 

2 hours 

Clinical 

bleeding 

Good in 

24 hours 


Miller, A A Bnt J Child 

Dis 38 1, 1941 


14 Endocarditis 

Citrin solution intra 
vcnously, 20 40 mg 
for 8-12 days 

Negative 

pressure 

Pquivocul 


Armentano, Bentsath, Beres 
Rusznyak and Szent Gyorgvi 

Unreliable test 
method 

15 Staphylococcic 
sepsis, periton 
itis, tuberculo 
sis, pleurisj 

Cvtrin solution intra 
vvnouslj , 20 40 mg 
for 8 12 days 

Negative 

pressure 

Equivocal 

3 

Armentano, Bentsath, Beres 
Rusznyak and Szent Gy orgy i vi' 

Unreliable test 
method 

IG -irthritis 

Citrin solution intra 
venouslj, 20 40 mg 
for 8 12 days 

Negative 

pressure 

Equivocal 


Annentano, Bentsath, Beres 
Rus/nj ak and Szent Gy orgy i V' 

Unreliable test 
method 

17 Nephritis 

Citrin solution intra 
vcnously, 20 40 mg 
for 8 12 days 

Negative 

pressure 

Equivocal 


Armentano, Bentsath, Beres, 
Rusznyak and Szent Gvorgvi n 

Unreliable test 
method 

IS Hemorrhagic 
nephritis 

Citrin solution intra 

V cnously, 25-50 mg 

Urinary 

bleeding 

Shorteneil 

course 


Lajos S Klin Wrhnschr 

16 1615, 1937 

Unreliable test 
method 

19 Hemorrhagic 
nephritis 

Citnn solution intra 

V cnously, SO mg 
for 2 4 days 

Count of 
urine red 
blood cells 

None 

7 

Gimsing T Ugesk f 1 rger 

3 01* 117, 1939 

Unreliable test 
method 

20 Ulcerative 
colitis 

Citrin solution intra 

V cnously and citrin 
orally, 20-160 mg 

Bcctal 

bleeding 

Good 


Vacek V Schweiz med 
Wehnschr 71 355, 1041 

I nreliablc t( st 
method 

21 Arsenic poison 
mg 

Hesperidin tablets 
orally, 0 25 1 0 Gm 
for 4 8 days 

Negative 

pressure 

Good 

o 

Horne, G , and Scarborough 

H Lancet 2 GO 1040 

Unreliable test 
method 

22 Arsenic poison 
mg 

Hesperidin tablet* 
orally , 0 25-1 0 Giii 
every 2 hours 

Urinary 

bidding 

Good 


Gome, D R I meet 1 

1005 1940 

Unreliable te=t 
method 

23 Mj \edema 

Citrin solution intra 
venouslj 20 40 mg per 
day for 8-12 davs 

Negative 

pressure 

1 qiiivocal 


Armentano, Bentsath, Beres, 
Rusznyak and Szent Gvorgji 

Unreliable test 
method 

24 Increased capil 
larv fragihtj 
in children 

25 Diabetes 

Calcium criodvctatc 
orally, 25 mg jier dav 
lor 1 week or more 

Citrin solution intra 
vcnously 20-40 mg per 
dav for 8-12 days 

Positive 
pressure 
(Wright), 
40 75 pete 
ebiae 

Negative 

pressure 

Equivocal 

None 

6 

o 

Rapaport, H G and Klein 

S T Pcdiat IS 321, 1941 

Armentano (Sentsath, Beres, 
Rusznvak and Szent Gyorgvi v 

A ariations rluring 
control period* 
were considerable 
and not verv po*! 
tiv e at onset 

Unreliable test 
method 


25 
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material was given intravenously as a freshly prepared 
solution of 300 mg in 0 2 normal sodium hydroxide 
solution (2 cc ) sterilized by heating at the boiling point 
for one minute just before administration 
5 Eriodictyol as the calcium salt, which was dissolved 
in water just before intravenous administration This 
orange-brown powder gave a strongly positive red color 
with hot potassium hydroxide solution, confirmatory of 
the presence of eriodictyol 

RESULTS 

The first group studied consisted of 4 diabetic 
patients who had m common a definitely increased 


The second group consisted of 6 diabetic 
patients with retinitis and increased capillary 
fragility treated for many months with large 
oral doses of vitamin C and vitamin B complex 
and lemon juice as a source of vitamin P The 
capillary fragility, followed by the qualitative 
method, showed no improvement as a result of 
this therapy (table 3) In the 4 cases in which 
determinations of blood vitamin C were made 
prior to the institution of the therapy, the values 
were normal Saturation of the patients with 
vitamin C was confirmed by repeated deteimina- 


Table 2 — Effect of Viiaiiwi C and P Therapy* on Increased 







Oaplllary Fragility 









Pitjssuro Test (Wrigiit)* 

Vitamin 0 

Blood Vitamin C 





at Which No of Pctcchlae 


Therapy 

Levels 













Pressure, 

Performed, Before 

One Month Mg Ascorbic 

Before 

After 



Ago 

Mm Hg 

Mm Hg Treatment 

Later 

Acid per Daj 

Therapy 

Therapy 


1 

55 

140/80 

95 

100 

200 


200 

0 36 

15 


2 

57 

126/65 

95 

105 

150 


200 

0 42 

1 4 


3 

61 

125/70 

100 

150 

126 


0 

1 2 



4 

63 

150/70 

115 

200 

200 


0 

1 1 



Prom left 

to right, this table 

Is a chronologie record of successive therapeutic 

trials 




Table 3- 

—Effect of Vttamtn Therapy (C, B, P) on Increased Capillary Fragility 

in Diabetic Patients 








Oral Treatment f 


Capillary 






Capillnrj , 



■A. — 

1. 1. — !■» 1 , , , 

Fragilltj 





Fasting 

Fragllitj Vitamin C 

B ConipIe\ 1 

Lemon Juice 

Test 





Initial 

Test , 

, J».„ 





(Qualitatlie 





Blood 

(Qualitative 

Dura 


Dura 

Dura 

Method) 




Blood Vitamin 0, 

Method) 

tlon of 

Cap 

tlon of 

tlon of 

After 




Pressure, 

Mg per 

Before Mg 

Therapy, 

sules 

Therapj, Lemons Therapj, 

Vitamin 


Name 

Age 

Mm Hg 

100 (3c • 

Treatment Daily 

Weeks 

Dally Weeks 

BaHy Wcel^s 

Treatment 

£> 

B L 

41 

120/ SO 


Positive 300 

0 

3 

24 

1 8 

Positive 






150 

15 





6 

r G 

60 

130/ 80 

09 

Positive 160 

4 

3 

3 

2 6 

Positive 






200 

2 

6 

29 








400 

0 





7 

G P 

07 

100/ 80 

09 

Positive 300 

O 

3 

6 

1 6 

Positive 

8 

E G 

69 

180/100 

1 0 

Positive 100 

1 

e 

7 

12 0 

Positive 






150 

o 

3 

2 



9 

B P 

60 

140/ 80 

09 

Positive SOO 

c 










300 

1 

6 

12 

2 3 

Positive 






500 

J 



4 3 











1 n 


10 

M R 

64 

130/ 80 


Positive 200 

1 

3 

14 

23 9 

Positive 






400 

o 



2 10 







100 

1 










300 

0 

















* Blood litamin 0 was determined bj the method of Ulindhn and Butler" 
f Vitamin O excretion in the urine on repeated examination «ns high in all cases 

t Berocca B complex perles, containing the total components of natural \itnmin B complex (including nicotinic acid and 
vitamin Bo [pyrldoxine] in potencies as found In dried brcHcrs' yeast, 200 mg per perle) and fortified nith thiamine hydro 
chloride to total 300 U S P units of vitamin Bi and with riboflavin to total 100 micrograms per perle 


capillary fi agility and no other discernible dis- 
ease, even hypertension After a control penod of 
determinations of capillary fragility they were 
treated successively with vitamin C given orally 
(see table 2), vitamin P given orally (hespendm 
tablets) and a combination of the two No sig- 
nificant change in the capillary fragility was 
noted on repeated tests as a result of this oral 
therapy It is noteworthy that m 2 patients who 
had a low level of vitamin C in the blood a rise 
of this level to normal was not accompanied by 
improved capillary fragility 


tions of niinary vitamin C duiing the course of 
treatment In spite of high levels of excretion, 
which indicated saturation, capillary fragility re- 
mained uninfluenced No demonstrable effect on 
the retinitis was noted 

The third group consisted of 6 patients 3 
with diabetes, 1 with rheumatoid arthritis, 1 with 
primary thrombopemc purpuia and 1 with 
thrombopemc purpura secondary to aplastic 

13 All these patients have been repeatedly examined 
ophthalmologically by Dr E E Covitz, of the ophthal- 
mologic clinic 




RUDY ET AL— CAPILLARY FRAGILITY OF DIABETES 


27 


anemia (following use of anacm, a propnetaiy 
preparation containing acetophenetidin and 
acetylsalicylic acid with quinine sulfate and 
caffeine) Two of the diabetic patients (patients 
9 and 10, tables 3 and 4) had previously received 
extensive oial therapy without benefit 
These patients all had abnormal capillary fra- 
gility They were all given hesperidin intra- 
venously, 3 received a course of intravenous 
injections of calcium enodictate following the 
treatment with hesperidin, and 1 patient subse- 
quently received, in addition, a combination of 


be an exaggeration of a normal tendenc}- m 
relation to age, and thus it may be another indi- 
cation that diabetic patients are aging eailiei 
This does not reveal its pathogenesis Since a 
deficiency in vitamins C and P was considered 
a possible cause of the increased capillary fra- 
gility in diabetic patients, it was necessary to 
check the diets of our patients for their content 
in vitamins C and P No deficiency in the intake 
of these vitamins was found The therapeutic 
results with vitamin C indicate that the increased 
capillary fragility m our patients could not be 


Captllary Fragility m Nonhypertensive Diabetic Patients 


Cnplllnry No of Weeks Capillary Combined Vitamin O and 

Fragility of Oral Fragility Vitamin P (Hesperidin) Capillary Fragility Test 

Test After Vitamin P Test After Therapy for 2 Weeks After Cessation of Therapy, 

Vitamin C Therapy Vitamin P , » , Number of Petechlae 

Therapy, (Hesperidin Therapy, Vitamin O Hesperidin , * — ^ , 

^o of Petechiae 1 Gm Daily) No of Peteehiae Daily Daily, Gm Immediately Three Weeks Four Months 


150 3 72 200 mg ascorbic acid 1 150 150 170 

150 3 100 200 mg ascorbic acid 1 85 70 

3 120 C oranges, 1 lemon 1 100 100 130 

3 200 9 oranges 1 200 


t Diabetes was moderately well regulated, and no patient had retinitis 


Table 4 — Therapeutic Administration* of Vitamin P Intravenously 
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Number of 

Mg per 
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Name 

Age 

Diagnosis 

Petechiae 

Day 

Petechiae 

Day 

Petechiae 

Day 

Petechiae 

9 

M R 

56 

Diabetic retinitis 

100 

200 for 

120 

100 for 

120 








10 days 


10 days 




10 

R F 

51 

Diabetic retinitis 

200 

200 for 

200 

100 for 

200 

100 of each 

160 






9 days 


10 days 


for 10 days 


11 

M R 

61 

Diabetes, peripheral 

100 

200 for 

116 








vascular disease 


7 days 






12 

A H 

52 

Rheumatoid arthritis 

150 

200 for 

80 










10 days 






IS 

J F 

56 

Primary thrombo 

200 

200 for 

200 

100 for 

200 






penic purpura 


9 days 


12 days 




14 

M F 

S2 

Thrombopenlc pur- 

90 

200 for 

no 








pura aplastic anemia 


7 days 







* From left to right, this table is a chronologic record of successive therapeutic trials 
t Capillary fragility was determined by the Wright positive pressure method 


the two intravenously No beneficial effect wms 
noted 

COMMENT 

Oui pievious study showed that capillaiy 
fi agility varied with both age and the patient’s 
blood pressuie (which determines the pressuie 
level at which the test is performed) but that the 
diabetic patients had a higher incidence of in- 
creased capillary fragility in each age group We 
also noted that both the control and the diabetic 
patients usually showed small, distinct petechiae, 
in distinction to the large, confluent petechiae 
obsen^ed in persons with thiombopenic purpura 
niid othei blood dyscrasias 
So far no explanation has been found for the 
inci eased capillar)^ fi agility in diabetes It ma} 


attributed to latent scun^y This has been 
fuither proved by the normal level of vitamin 
C in the blood as well as the vitamin C satui atmn 
of the tissues as reflected in high urinaiy excre- 
tion of ascoibic acid Impairment in the absorp- 
tion of vitamin P was ruled out by the use of 
intravenous administration Our negative results 
with vitamin P given orally confirmed the obser- 
vations of previous investigators on its lack of 
effectiveness (table 1) It was therefore neces- 
sary to try in addition the administiation of 
the two piincipal constituents of citnn, hespeii- 
din and eriodictyol, intravenously, sepaiately and 
combined The negatne results obtained in this 
experiment on a group of our patients add 
further proof of the ineffectiveness of i itamm P 
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on increased capillaiy fi agility in the diseases 
mentioned Hesperidin was given inti avenously 
as a freshi) prepaied alkaline solution It is 
piobable that the gieatei part of the hesperidin 
existed undei these conditions as the open iing 
chalcone, thought by Wawra and Webb to be 
the biologically active component of citrin 

SUMMARY 

A review of the literature on the clinical use 
of vitamin P reieals that vaiious forms of 
Mtamin P have been used, but with no cleai 
notion as to what component of citiin was being 
tested Such theiapy was studied in a wide 
lariety of cases with inci eased capillai}'^ fia- 
gility irrespective of the underl} mg disease, 
which was fiequentl}'’ a self-limited disease Con- 
clusions of doubtful Aahdit}^ were drawn in some 
cases when the criteiion of therapeutic eftectivc- 


ness w'as clinical bleeding oi the lesult of a 
negative pressuie test foi determining capillai} 
fi agility 

The effectncness of oial admimstiation of 
vitamin C and the B complex on the increased 
capillary fragility m diabetic patients with and 
without retinitis has been tested, wnth negative 
1 esults 

The eflectivcncss of both orally and parenter- 
ally administeied Mtamin P in some patients of 
this gioup w^as studied Both the hesperidin and 
the eiiodictyol fi action of vitamin P w^ere tested 
inti avenously, separately and combined, with 
negative results 

A similar stud}' of the effect of vitamin P 
therapy on the inci eased capillary fragility of 
thiombopenic purpura and rheumatoid arthritis 
was made, wnth negative results 

311 Commonwealtli Avenue 



INFLUENCE OF RESPIRATION ON BLOOD 
PRESSURE IN MAN 
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The study of the influence of respuation on the blood pressure has been based 
mainly on experiments with animals Lewis ^ studied in cats the effect on the 
blood pressure of variations m the pericardial pressuie, section of the vagi and 
differences m the type of respuation and concluded that the mam factor was the 
decrease of the pencaidial piessuie during mspiiation, which caused an increase 
of the blood pressure in this phase His experiments on man - permitted him to 
obseive the influence of the type and late of respiration and of the pulse rate He 
concluded that the blood piessuie has no unifoim behavioi duiing the respiratory 
movement, because it can use oi fall accoiding to the type, frequency and depth 
of respiration During quiet breathing no respiratoiy modifications in arterial 
piessuie weie noted 

V isscher, Rupp and Scott ^ made experiments on dogs and came to the con- 
clusion that there is an mspiiatory inciease of the blood pressure 

Katz and Gauchat * studied in animals the factoi s which contribute to the 
variations of pulse and blood piessuie dining deep bieathmg and ascribed primary 
importance to changes in pleural pressure 

Mouktai ° obseived an inspiratory fall in the blood piessure of rabbits and 
an expiiatoiy use He obtained the same lesults with human subjects, by the 
use of the oscillometer of Pachon 

Hasegawa® m 1927 leported the influence of the type of lespnation on the 
blood pressure He noted an inciease duiing inspiration with thoracic breathing 
and a deciease during the same phase with abdominal breathing 

From the Academia Nacional de Medicma, Institute de Investigaciones Fisicas apheadas 
a la Patologia Humana, Seccion Cardiologia This study was aided by a grant from Prospero 
Baurin 

1 Lewis, T Studies of the Relationship Between Respiration and Blood Pressure, 
J Physiol 37 213, 1908 

2 Lewis, T Studies of the Relationship Between Respiration and Blood Pressure, 
J Physiol 37 233, 1908 

3 Visscher, M B , Rupp, A , and Scott, F H The Respiratorj Wave in Arterial 
Blood Pressure, Am J Plwsiol 70 586, 1924 

4 Katz, L N , and Gauchet, H W Observations on Pulses Paradoxus (with Special 
Reference to Pericardial Effusions) Experimental, Arch Int Med 33 371 (March) 1924 

5 Mouktar, A Les modifications de la^pression arterielle sous I’lnfluence de la respira- 
tion chez Thomme, Bull Acad de med , Pans 92 864, 1924 

6 Hasegawa, U Influences on Blood Pressure Curies bi Volume of Air Japan M 
World 5 99, 1925 , abstracted. Arch d mal du coeur 20 182, 1927 
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On the othei hand, the vasomotor waves have been studied also almost exclu- 
sively m poisoned or semiasphyxiated animals 

Traube^ experimented on curaiized dogs with both vagi cut Suspension of 
aitificial respiration caused laige waves m the arterial pressure which he attributed 
to rhythmic dischaiges from the lespiratory center toward the vasomotor center 

Hering ® noticed the same phenomena in dogs under similar conditions His 
theory of the mechanism of the changes was identical with Traube’s 

Latei , Mayer ° observed vasomotor waves in anesthetized but not ctirarized 
rabbits when respiration was interrupted or retarded He discovered in his 
records anothei t3'pe of waves which he called “interference waves ” These v ould 
be the result of interference of caidiac and respirator}'’ waves 

Starling^® observed the Traube-Hermg waves when he stopped administering 
artificial respiration to dogs poisoned with morphine or curare He attributed 
his results to the increased venosity of the blood of the vasomotor center He 
stated that these waves had also been observed in cases of hemorrhage 

The results of the experiments on animals could not be entirely applied to 
human beings On the other hand, the investigations on human subjects were 
made with uniehable methods, and ver} contradictory lesults were obtained by the 
different authors wuth regard to the influence of the respiration on the blood 
pressure 

These reasons have induced us to study this pioblem by means of registration 
of the intra-arterial pressure of human subjects Registration of intra-arterial 
pressure has been used w'lth human subjects by many workers (von Bonsdorff,” 
Hamilton, Brew'cr and Brotman,’^ Hamilton, Woodbury and Harper,^'* and othei s) 
in order to study other circulatory phenomena not i elated to respiration 

HETHOD and MATERIAL 

For the determination of intra-artenal pressure, the Hamilton manometer i- with a rubber 
membrane as required for an optical registration ivas used The natural frequency of the 
system was between 60 and 80 oscillations per second The calibration was made before 
and after each reading of blood pressure, and the pressure in the system was measured 
four or five times w'lth a mcrcurj' manometer according to the blood pressure of the subject 
The respiratory movements were registered simultaneously by means of a pneumograph 
connected to a Frank segmentary capsule 

These experiments were made on subjects whose cardiorespiratory system was normal 
and who were in recumbent position The puncture W’as made in the humeral, axillary or 
femoral artery, a needle of 0 7 by 25 gage being used The time was registered in fifths of a 
second, with a Jacquet chronometer 

7 Traube, L Centralbl f d med Wissensch 3 880, 1865 , cited by Halliburton 

8 Hering, E Sitzungsb d k Akad d Wissensch Math-naturw Cl 60 829, 1869, 

cited by Halliburton 

9 Mayer, S Sitzungsb d k Akad d Wissensch Math-naturw Cl 74 281, 1876, cited 

by Halliburton , 

10 Starling, E H Principles of Human Physiologj', Philadelphia, Lea & Febiger, 1933 

11 von Bonsdorff, B Zur Methodik der Blutdruckmessung, mit besonderer Beruck- 
sichtigung der Registnerung absoluter Sphygmogramme beim Menschen, Acta med Scandinav , 
1932, supp 51, p 1 

12 Hamilton, W F , Brewer, G , and Brotman, I I Analytical Description of a New 
High Frequency Hypodermic Manometer with Illustrative Curves of Simultaneous Arterial and 
Intra-Cardiac Pressure, II Pressure Pulse Contours in the Intact Animal, Am J Physiol 
107 427, 1934 

13 Hamilton, W F , Woodbury, R A , and Harper, H T , Jr Physiologic Relation- 
ships Between Intra-Thoracic, Intraspinal and Arterial Pressures, JAMA 107 853 
(Sept 12) 1936 
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We studied the relations between the blood pressure and the different respiratory types 
and obtained readings during apnea following deep breathing and apnea following normal 
expiration We also studied the effect of the Valsalva test and the influence of coughing 

A total of 15 subjects were studied, and 40 records of intra-artenal pressure were obtained 
simultaneously with pneumographic records in order to study the respiratory waves In 27 
cases the pressure was taken in the humeral artery, and in 13, in the temporal artery 

Nineteen records were taken during normal breathing, 10 during deep breathing, 7 during 
deep thoracic breathing and 4 during both slow and fast abdominal breathing In 4 cases 
records of intra-arterial pressure were made during the apnea following a deep breath Six 
records were made after normal breathing, 2 with the Valsalva test and 5 when the subjects 
were coughing 

RESULTS and COMMENT 

Our investigations in man have permitted us to ascertain that under noiinal 
conditions two piincipal types of waves exist (1) vasomotor waves that are inde- 
pendent of the lespiratory movements and (2) waves coinciding with and depending 
on respiratory movements 



A 





Fig 1 — A, Traube-Henng vasomotor waves in a normal human subject The tracing 
shows spontaneous vasomotor waves independent of respiratory phases The rate of the waves 
is about 6 to 7 per minute B, vasomotor waves which are more definite during and after the 
respiratory pause 

1 The vasomotor waves (Traube-Henng waves) are characterized by then 
low fiequency (6 to 7 per minute) and their independence of respiration They 
appear either during normal breathing (fig 1 A) or during brief peiiods of 
apnea (fig IB) Under the latter circumstances, the vasomotor waves become 
clearer and moie frequent They are also more evident when no respirator}"- 
vaiiations of the blood pressure aie noted When the curve ascends, the maximal, 
medial and minimal pressuies increase, and when the curve descends, the opposite 
occurs The physiologic explanation of these curves is not as }et entirely clear 
Possible causes could be 

(a) Rhythmic discharges fiom the \asomotor centers caused by accumulation 
of caibon dioxide in the blood In this connection, Halliburton “ admitted the 

14 Halliburton, W D Traube Wa^es and Majer Waves, Quart J Exper Phjsiol 
12 227, 1920 
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subjection of the vasomotor centers to the same chemical influences as the respira- 
toiy centeis 

(h) Periodic discharges from the lespiratory centers on the vasomotor centers 
(Traube,' Aalkjajr/® Heimg®) According to this theoiy, Aasomotor waves might 
be of respiratoi}' origin 

(c) Periodic contractions of the aiteries caused by leflex action (A’^ariation in 
the sympathetic tone) oi chemical stimulation (for instance, by tissular metabolites 



Fig 2 — A, variations in blood pressure during ordinary breathing (respiratory waves) 
There are a fall during inspiration and a rise during expiration without changes in the cardiac 
rate B, variations of blood pressure during deep, slow thoracic breathing In this case an 
increase in the blood and the pulse pressure during expiration and the respiratory pauses may 
be noted 

and cholinergic or adrenergic substances) The respiratory and vasomotor centers 
are not involved 

IS Aalkjser, V Ueber Aussehen, Bildungsstelle und Ursache der Traube-Hering- 
Mayerschen-Blutdruckschwankungen, Skandinav Arch f Physiol 71 301, 1935 
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On suspension of lespiration, Traube-Henng A\aves become cleaiei There- 
fore, it IS probable that they have a cential origin and that the vasomotoi centeis 
are excited from the respiratory centers or by the tensional vaiiation of the oxygen 
and carbon dioxide m the blood (hypoxemia and hypercapnemia) Accoiding to 
Halliburton these Mould be the true vasomotoi Avaves to \vhich the name of 
Traube, then discoveier, should be given 
2 Respiratory waves aie characteiized by a ihythm synchionous with that of 
respiiation 

The influence of the lespiiatoiy type, thoiacic or abdominal, and the depth 
and velocity of the respiiatory movements on the blood pressuie n^ere studied 
In 7 subjects no lespiiatory modifications -were observed during oidmary 
bieathmg An inciease m the systolic and diastolic piessuie during expnation 



Fig 3 — A, \anations in the blood pressure during deep, slow thoracic breathing This 
tiacing shows a progressive rise in blood pressure (systolic and diastolic) during inspiration 
The highest point is reached at the end of the inspiratory phase and the beginning of expiration 
During expiration a fall of both pressures is seen There are significant variations in pulse 
pressure B, variations of blood pressure and cardiac rate during deep, slow thoracic breathing 
A rise during inspiration, with tach 3 cardia, and a drop during expiration, with bradjxardia, 
are recorded 

Mas obsened m 9, and a fail of the blood pressure during the same phase M'as 
noted m 3 The opposite occurred m inspiration, the rise of arterial pressure 
generally started at the beginning of expiration The pulse pressure Mas increased 
Muth expiration m 6 subj'ects In 10 an expiratory bradycardia Mas noted, and 
m the remainder there Mere no variations m the heait rate 

With deep breathing an expiratory inciease Mas recorded in 8 tracings and 
an mspiratoiy rise in 2, in 7 the pulse pressure mci eased during expiration 
and in 2 during inspiration 
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With deep thoracic breathing, an increase in pressure during expiration and 
a decrease during inspiration were recorded m 5 tracings In 2 other tracings 
the pressure increased during inspiration, the pulse pressure rose during expnation 
m 4 and duiing inspiration in 1 Expiratoi}' bradycaidia was registered in 6 
In 2 cases we observed an inspiratory elevation duiing deep, slow abdominal 
breathing, with an increase in the pulse pressure in 1 case and in the other a 
fall, there was expiratory bradycardia in both The rise began in 1 case in the 
middle and m the other at the ver>^ beginning of inspiration (the humeral artery 



Fig 4 — A, variations of blood pressure during deep, fast thoracic breathing Blood 
pressure falls at the beginning of inspiration and rises at the end B, variations of blood pressure 
during slow, deep abdominal breathing This tracing shows a rise of the arterial pressure 
during inspiration and a fall during expiration The fall in diastolic pressure and the conse- 
quent increase in pulse pressure are especially apparent 


was used for both) When without withdrawing the needle from the artery 
we told 1 of these patients to change the breathing from abdominal to thoracic, 
it was clearly registered that the blood pressure fell during inspiration 

In the same patients, when the rate of breathing was increased (by deep 
and fast abdominal movements), a fall of blood pressure during inspiration was 
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observed m I, and in the other, even when the pressure rose on inspiration, the 
amplitude of the variations of arterial pressure diminished noticeably 

Among the many factors supposed to have a part m the production of respiia- 
tory waves, the changes which the intrapleural and the abdominal pressuie undergo 
are worthy of consideiation. 

The negative pressure within the pleura is gi eater during inspiration than 
duiing expiration During ordinary inspiration, a larger quantity of venous 
blood goes to the heart, because of the greater negative pressure within the thoiax 
At the same time, with the descent of the diaphragm, the abdominal pressuie is 
increased Both factors contribute to augment the inflow of blood to the heart 
at the end of inspiration The result is an increase in the caidiac output in this 
phase 






* ' '* r » < •• o u » /» H 


Fig 5 — Inspirator}' apnea Variations in the blood pressure, in the shape of the pressure 
curve, in the pulse pressure and in the cardiac rate are clearly apparent The decrease in 
pulse pressure and the exaggeration in the dicrotism are most evident 

During expiiation, the phenomena are leiersed, and there is a consequent 
diminution in the blood pressure 

We must still consider other factors, the intervention of which can altei the 
results stated above We shall mention the anatomicophysiologic condition of the 
pulmonary bed, the variations in the diameter of the pulmonary blood vessels and 
the resistance which these vessels offer to the blood The mtrapencardial pressure 
IS also significant 

During mspiiation, especially at the beginning, the pulmonary bed admits a 
greater quantity of blood through expansion of the lung (Hembecker^® and 


16 Heinbecker, P The Mechanism of the Respiratory Wa\es in S\stemic Arterial Blood 
Pressure, Am T Ph\siol 81 170, 1927 
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Tiimby and Nicholson^") Consequently, the lesistance to the hlood m its pul- 
monaiy course and the inflow of hlood to the left ventricle are lessened and the 
hlood pressure tends to decrease 

In expiration, in spite of greater lesistance of the pulmonary vessels, the 
hlood flows moie easily into the left auricle The consequence of this is an 
increase in the systemic hlood piessuie Furthermore, during inspiration theie 
is a decrease in the mtrapei icardial piessure (Lew is wnth an increase in the 
diastolic inflow^ and the cardiac output 



Fig 6 — A, expiratory apnea After a slight fall of pressure a continuous elevation of the 
sj'stolic and tl e diastolic blood pressure and an increase of pulse pressure are noted B, this 
tracing shows a rise of systolic and a fall of diastolic blood pressure, associated with an 
increase of the pulse pressure and bradycardia The tracing was made at the time of the 
diaphragmatic and abdominal contractions which followed expiratory apnea 

The relationship between all these factors may explain the fluctuations of blood 
pressure in the course of noimal breathing In the following table w^e considei 
the different factors which act on the blood pressure 

With ordinary breathing there are generally, as we have stated, an inspiratoiy 
fall and an expiratory elevation of the blood pressure (fig 2 A) The vasculai 

17 Tnmby, R H, and Nicholson, H C Some Observations on the Nature of the 
Respiratory Waves in Arterial Blood Pressure, Am J Physiol 129 289, 1940 
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capacity of the lung probably predominates over the thoracic-abdominal factor in 
these cases 

During deep, slow thoracic breathing, the variations of the blood pressure 
aie clearer than during ordinary breathing As has been previous!}'' stated, there 
are geneially a fall in pulse rate and blood pressure during inspiration and a 
rise during expiration and the respiratory pause (fig 2B) The behavior of the 
blood pressure is neither constant nor uniform, as we have found cases in which 
It has iisen during inspiration (fig 3 A) These variations aie independent of 
the heart rate We generally found expiiatory bradycardia (fig SB), which 
commenced sometimes at the beginning and sometimes at the end of expiration 
and persisted during the respiratory pause 

An increase in blood piessuie during inspiration is probably due to piedomi- 
nance of the factor of negative intrathoiacic and positive abdominal pressure 

Factois Which Contubule to Vauahons of Blood Pressure Dining Inspnaiion 


IncrenEC of blood pressure 
t 

Incronse of cardiac output 
t 


Increase of venous return to 
the heart 
t 

I 


Ineren“0 of diastolic 
filling 

t 

\ 


Elevation of abdom 
Inal pressure 
t 

i 


Increase of negative 
intrathoracic pressure 
t 

I 


Easier 

diastole 

t 

1 


IXSPIRATION 


Fall of Intrapen 
cardial pressure 
t 


I 

Dilatation of pulmonary veins 


4 . 

Greater quantltv of blood 
In lungs 


Decrease of resistance in 
pulmonary circulation 


I 

Delay of flow of blood into the left ventricle 


i 

Decrease of blood pressure 


This predominance favors the venous return to the heart and hence the systolic 
dischaige of the ventricle An increase in blood pressure during expiration leads 
one to suppose the piedommance of the pulmonary factor, with a consequent 
mciease in the venous return to the heart 

During deep, fast thoiacic breathing an increase of the blood pressuie during 
expiiation was obseived (fig A A), and with deep, slow abdominal breathing 
there was a rise of blood pressure dining mspiiation (fig 4B) 

Blood Piessme Dm mg Inspvatoiy Apnea — The record of the arterial pres- 
sure curve during apnea follow'ing a deep inspiration shows that both the systolic 
and the diastolic piessure fall gradually m the first three to five seconds, and the 
dicrotism becomes more evident (fig 5) The cardiac rate increases 6 or 7 beats 
per minute The initial fall is followed by a gradual rise of the arterial curve and 
the cardiac rate until the end of the apnea As soon as breathing is recommenced, 
the arteiial curve regains its original state and the blood pressure returns to its 
oiigmal level, though during a few seconds it may be higher These variations 
may ev en be recorded m arteries far from the thorax, e g , m the posterior tibial 
ai tery 
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The changes m the first seconds of the period of apnea may be explained on 
the basis of mechanical intei ference, chiefly blocking of the venous return to the 
heart, which tends to reduce the amount of blood flowing to the heart and pro- 
duces diminution of the caidiac dischaige 

The changes of the second phase may be explained by the inteivention of 
leflex phenomena due to stimulation of vasomotor centeis by the hypercapnemia 
or hypoxemia associated with any more or less prolonged respiratory pause 

Aitenal Piessii^e Duung E\pvatoiy Apuca — In the couise of the interval 
of apnea following an ordinary expiration, it is obseived that after a slight decrease 
in blood pressure duiing the first seconds there is a progressne increase m the 
maximal, the medial and the minimal pressure until the end of the test, which 



Fig 7 — A, Valsalva test Three phases are apparent In the first two there is a definite 
fall of pulse and blood pressures The fall in blood pressure is especially apparent in the second 
phase (empty pulse) In the third phase the pulse pressure definitely increases (full pulse) 
B, diagram showing the effects of the exertion of coughing on the intra-arterial pressure 
Note the sudden rise of pressure caused by coughing and coincident with the different gradients 
of the pulse 

generally lasts from fourteen to twenty seconds The pulse piessure also increases 
toward the end (fig 6 A) Holding the breath for a longer period causes a series 
of muscular and diaphragmatic contractions with a terminal elevation of the 
arterial pressure and a slowing of the pulse (fig 6B) 

The initial descent could be interpreted as the result of stopping the respiratoiy 
movements The consequent elimination of the thoracic-diaphragmatic factor 
reduces the venous flow to the heart and diminishes the cardiac output The 
subsequent rise could be explained by the excitation of the vasomotor centers 
caused by oxygen hyposaturation of the arterial blood (hypoxemia) or by accu- 
mulation of carbon dioxide (hypercapnemia) The cardiac rate increases slightly 
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as a result of the sympathetic stimulation If the test is prolonged musculai 
contraction produces abrupt changes m mtrathoracic pressure 

Valsalva Test — The curves of the arterial pressure duimg the Valsalva test 
(expiratory effort with the glottis closed) show some similantiy to those of 
inspiratory apnea Three phases are noticeable (fig 7 A) 

1 The systolic pressure falls , the diastolic pressure rises, and a slight acceler- 
ation of the heart beat occurs The pulse pressure diminishes, producing what is 
called by Hamilton and his associates “empty pulse ” The decrease in the sys- 
tolic pressure may be explained by the blocking of the venous return to the heart 
The elevation of the diastolic pressure and the tachycardia may be due to a 
leflex originating m the carotid sinus (Hamilton, Woodbury and Haiper^") 

2 In the second phase there is a characteristic descent of both the systolic 
and the diastolic pressure Hamilton and his associates, by measuring the mtia- 
thoracic and blood pressures simultaneously, have proved that duiing this phase 
the artel lal pressuie drops abruptly to the level known as “net” blood piessure 
The value for the latter is obtained by subtracting the mtrathoracic piessure fiom 
the arterial pressure 

3 When the strain is leleased, the pulse curve becomes characteristic of the 
type known as “full pulse” , the systolic and the diastolic pressure rise and surpass 
the level previous to the test and the cardiac rate becomes slower These varia- 
tions are interpreted as being caused by the abrupt flow of blood to the thorax 
and by leflexes oiigmating m the cardioaoitic region (Hamilton, Woodbury and 
Harper 

Effect of Cough on Ai to ml Pressiii e — ^The intra-arterial pressure was studied 
during the exertion of coughing, and it was found that it rose sometimes to veiy 
high levels When the cough coincides with the top of the pulse curve, the systolic 
pressure may duplicate its normal values (fig 7 B) 

The influence which this phenomenon has on the cerebral arteries has been 
studied by Hamilton, Woodbury and Harper The simultaneous registration 
of intra-artenal, mtrathoracic and intraspinal pressure has shown that an abrupt 
use of intra-arterial pressure caused by coughing is accompanied by an increase 
111 intraspinal pressure Therefore, a rise in the intra-arterial pressure in the 
brain is accompanied by a coi relative increase in the pressure of the cerebrospinal 
fluid, and possible rupture of an artery is avoided They have proved that identical 
protecting mechanisms against abiupt rises in blood pressure exist in the thorax 
and in the abdomen 

SUMMARY AND CONCLUSIONS 

The influence of breathing, inspiratory and expiratory apnea, the Valsalva 
lest and coughing on the intra-arterial pressure in man was studied 

Two types of waves were found (o) vasomotor waves, which are independent 
of the respiratory movements and should be called by the names of tlieir discov- 
ereis, Traube and Henng, and (&) blood pressure waves depending on the 
lespiratory movements (respiratory waves) 

The different factors which influence the production of these waves have been 
commented on 

The intra-arterial piessure has no uniform or fixed behavior during the 
lespiratory movements but may rise or fall m accordance with the type of breath- 
ing-thoracic or abdominal — or with the frequency ot depth of respiration E^en 
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during oidmaiy bieathing, slight changes are noticeable, the most constant being 
a fall of blood pressure during inspiration and an elevation during expiration 
With deep, slow thoracic bieathing theie usually occur an inspiratory fall and, 
an expiratory rise of the blood piessuie The opposite, as a rule, is true of 
abdominal bieathing of the same type 

Curves of intra-ai tei lal piessure legisteied during inspnatory apnea and the 
Valsalva test show a definite fall of blood piessure at the beginning, while those 
taken during expiratoiy apnea are chaiacteiized by a slight initial fall and a 
teiminal rise Coughing causes great inciease in the blood pressure 

Professor Gonzalo Boscli and Dr Enrique Mo Gatti gave us permission to conduct our 
investigations in the Hospicio de las Mercedes Dr Eduardo Braun-Menendcz offered 
suggestions and criticisms 

Viamonte 1519 


RATE OF SEDIMENTATION OF ERYTHROCYTES 
IN SICKLE CELL ANEMIA 

TRAVIS WINSOR, MD, \xd G E BURCH, MD 

NEW ORLEANS 


Since the original description of sickle cell 
anemia, by Heirick^ in 1910, much has been 
wiitten about this disease with little attention 
given to the problem of the sedimentation of 
the er 3 Thiocytes A review of the liteiature 
since 1935 revealed 65 publications on sickle 
cell anemia These ai tides contained 248 repoi ts 
of cases, 149 being fan ly detailed In only 37 of 
these leports was the sedimentation rate men- 
tioned In 9 of the 37 the method used was not 
indicated, and m 24 there was no mention of the 
degiee of anemia Although these data aie 
difficult to interpret, it would appear that in 
7 instances the sedimentation late was slow 
Diggs - recoided the sedimentation late in 27 
of a senes of 37 cases and found it to be slou 
m many instances He noted a decided vaiiation 
even m the same subject No attempt was made 
to explain these findings Bunting ® m an 
m vitro study of the bloods of 4 patients with 
active sickle cell anemia and 1 with the “trait” 
found the sedimentation rate to be directly pro- 
poitional to the degiee of louleau foimation 

A leview of the recoids of patients admitted 
(total, 287,257, Negro, 131,775) to Charity 
Hospital during the past five jeais (January 
1937 to January 1942) showed 40 instances of 
active sickle cell anemia In only 4 was the 
sedimentation late lecoided, and m all these it 
was slow In addition, the lelativel}’- few data 
on the sedimentation late lepoited before 1935 
oflfei little information, since methods foi its 
detei mination weie not standardized at that 
time 

Because of the lack of infoimation on the 
sedimentation late in sickle cell anemia, the value 
of this pioceduie m clinical diagnosis and the 
fiequency of sickle cell anemia in the Negio lace 

From the Depaitmcnt of Medicine, School of Medi- 
cine, Tnlane Um\ersit\, and Charitj Hospital of Louisi- 
ana 

1 Herrick, J B Peculiar Elongated and Sickle 
Shaped Red Blood Corpuscles in a Case of Se\eie 
Vncinia, Arch Iiit Med 6 517-521 (Xoi ) 1910 

2 Diggs, L W , and Bibb, J The Er\ throci te 
in Sickle Cell Anemia, J A M A 112 695-700 (Feb 
2D 1939 

3 Bunting, H Sedimentation Rates of Sickled and 
Xon-Sickled Cells from Patients with Sickle Cell 
\ncmn, Am T M Sc 198 191-193, 1939 


(Diggs stated that it is the most commonly en- 
counteied piimaiy blood dysciasia in Negroes), 
a study was undertaken to evaluate some of the 
factois influencing the rate of sedimentation of 
the erythrocytes An effoit was made to stand- 
aidize the pioceduie for cases of th;s disease m 
01 del that the previously reported vai labilities 
of values might be conti oiled 

GENERAL METHOD OF STUDY 

These observations comprise data collected in repeated 
studies of 15 patients with active sickle cell anemia 
and 14 controls The subjects chosen as controls had 
blood pictures that varied from the normal to ones 
similar, except for sickling, to those encountered in 
the patients with sickle cell anemia Six of them had 
anemia (due to various causes) other than sickle cell 
anemia The 14 diseased control subjects had the 
following clinical states diabetes mellitus, disseminated 
lupus erythematosus, benign h>pertensive cardiac dis- 
ease, tuberculous peritonitis, syphilitic heart disease, 
bleeding peptic ulcer and acute gastiitis, pulmonary 
tuberculosis (2 subjects) and pernicious anemia (2 
subjects) Three of the control subjects w'ere normal 
The details of the blood pictures of all of the patients 
with sickle cell anemia used in these studies arc sum- 
marized in table 1 These patients W'ere carefully 
studied in order to make certain that they w'ere free 
from any complicating disease 

The blood was collected in a uniform manner as fol- 
lows The patient rested for fifteen minutes before the 
blood was drawm A blood pressure cuff w'as used as 
a tourniquet and inflated to a pressure slightly above 
the diastolic About 10 cc of blood was removed from 
the antecubital vein, the entire procedure requiring not 
more than sixty seconds Nine and five-tenths cubic 
centimeters of the blood W'as transferred immediately 
to a 10 cc vial containing 8 mg of drj potassium 
oxjdate and 12 mg of ammonium oxjlate The \ial 
W'as immediately corked and gently rotated The blood 
was placed m the sedimentation tubes w'lthin five 
minutes and the rate of settling measured bi the 
method of Wintrobe * When corrections for anemia 
were necessarj the correction values of Wintrobe** 
were used After this initial determination of the rate 
of sedimentation was completed, the \oIume of packed 
red cells was measured by centrifuging the hematocrit 
tube for thirt\ minutes at 3,000 re\olutions per minute 
Occasionally an additional ten minutes of centrifugation 
was done in order to make certain of complete packing, 
and in no instance was further packing noted 

In addition to these loutine proceduies othei 
groups of studies to be described, were earned 
out to obser\e the influence of se\eral factors 
on the rate of sedimentation 

4 Wintrobe, M if, and Landsberg, J W \ 
Standardized Technique lor the Blood Sedimentation 
Test, \m J yr Sc 189 I02-I14, 1935 
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RELATION BETWEEN DEGREE OE ANEMIA 
AND SEDIMENTATION RATE 

In order to learn the variations in the sedi- 
mentation rate with the degree of anemia in 
patients with sickle cell anemia, the bloods of 10 
patients with active sickle cell anemia were 
observed, the sedimentation rates being deter- 
mined as just outlined and the results con elated 
with the degree of anemia expressed as packed 
cell volume 

Results — The sedimentation rates foi the 10 
patients, after correction by use of the W introbe 
chart, aie summarized in figure 1 The 6 
patients with the most severe anemia, all with 
packed cell volumes of less than 25 per cent, had 
lates which weie slower than one would predict 
for the anemia The 4 patients w'lth less sc\ere 
anemia, who had packed cell volumes greater 


to evaluate this influence, or that of any of the 
chemical constituents of the serum, on the sedi- 
mentation rate, all reports encountered in the 
literature cited normal values for plasma proteins 
in patients -with uncomplicated sickle cell 
anemia ® In 4 of 40 cases from Chanty Hos- 
pital the values for total plasma proteins were 
normal These constituents were not studied 
in the others The blood cholesterol has been 
recorded in the literature as approximately 
normal in 6 patients ® 

It IS interesting that even when the erythro- 
cytes were allow'cd to settle for as long as four 
days they did not fall the distance that they 
normally do in one hour To our knowledge, 
this has not been described as associated with 
any other tj'pe of anemia A persistently re- 
tarded sedimentation rate is sometimes seen in 


Table 1 — Details Couccnuug the Blood of the I'tftccn Patients zvith StcUc Cell Aucntia Used in the Experiments 
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than 25 per cent, had sedimentation rates which 
were within the expected range The erythro- 
cytes of 4 of the 6 patients with severe anemia 
did not settle the calculated normal distance even 
though they were allowed to remain undisturbed 
in the tubes for four days 

Comment — These observations suggest that 
in sickle cell anemia factors exist which tend to 
retard the rate of sedimentation of the erj'thro- 
cytes and may be related to the degree of anemia 
Since all of the patients except patient 9 had a 
normochi omic, normocytic anemia, it is unlikely 
that the slow settling is related to the volume of 
the erythrocytes or to the amount of hemoglobin 
packed into each one Since the degi ee of 
sickling IS more or less directly proportional to 
the degree of anemia, it is possible that the 
abnormal shape of the erythi ocyte may influence 
the rate of sedimentation This factor will be 
discussed later No published data were encoun- 
tered concerning effects of the blood serum on 
the sedimentation rate in sickle cell anemia 
Although no attempts wei e made in these studies 


polycythemia vera and m severe dehydration 
In these tw ’’0 states the erythrocytes are abso- 
lutely and relatively increased 

The results of this gioup of experiments indi- 
cate the lack of reliability of the Wintrobe cor- 
rection chart for correcting for the degree of 
anemia in a j^atient wuth severe sickle cell 
anemia Wintrobe^ apparently did not test his 
correction chart with the bloods of persons wuth 
sickle cell anemia 

In order to study the effects of relative 
volumes of erythrocytes and serum on the sedi- 
mentation rate in sickle cell anemia, the next 
group of experiments was conducted 

5 Cooke, I , and Keller, M Sickle Cell Anemia 
m a White Family, J Pediat 5 601-607, 1934 

6 Vryonius, G Studies of the Effect of Intravenous 
Administration of Liver Extract in Patients with Sickle 
Cell Anemia, J Lab & Chn Med 26 1470-1473, 1941 
Chediak, M , Cabrera Caldenn, J, and Prado y Vargas, 
G Sickle Cell Anemia in Cuba, Arch de med int 5 
313-370, 1939 Cabrera Caldenn, J G , Labourdette 
Scull, J M , and Prado y Vargas, G Dos casos de 
anemia a hematics falciformes, Bol Soc cubana de 
pediat 9 179-206, 1937 
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RELATION or SEDIMENTATION TO VARIOUS 
DEGREES OF ANEMIA, ARTiriCIALLY 
PRODUCED 

Foul of the 10 patients used m the previous 
experiment were employed for these studies 
Two weie fiom the group of 6 with seveie 
anemia and slow sedimentation rates, and the 
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Pack, cell volume 

Fig 1 — Ihe relation between the degree of anemia 
and the sedimentation rates of 10 patients with sickle 
cell anemia 

othei 2 veie fiom the group of 4 with model ate 
anemia and sedimentation lates that were within 
the expected lange foi the degiee of anemia 
The eiythiocytes and plasma were separated and 
lecombined in diffeient pioportions so that vaii- 
ous degrees of ailifiaal anemia were produced 
The sedimentation lates were detei mined for 
each combination 

Raults — The results are summarized in 
figiiie 2 It can be seen that the sedimentation 
1 ate inci eased as the ai tificially produced anemia 
inci eased Howevei , the sedimentation rate 
lemamed slowei than that predicted fiom the 
Wintiobe chait, legaidless of the degree of 
aitificial anemia, m the patients with the severe 
anemia and lelatively slow lates (fig 2 A) In 
the patients with moderate anemia and sedi- 
mentation lates that weie already within the 
expected lange foi this anemia, the erythrocjtc 
sedimentation late likewise remained iMthin the 
calculated lange regaidless of the degree of 
anemia aitificiall} pioduced (fig 2B) 

Comment — Aitificialh produced anemia will 
not produce a relatne letaidation of the sedi- 
mentation late In the first expeiiments it was 
found that in the cases of more se\eie anemia 
u ith packed cell a olumes of less than 25 per cent, 
the sedimentation rate uas retarded out of pro- 
poition to the degree of anemia In those 
studies onh naturalh occurring anemia was 
eoiielated with the sedimentation rate In the 
lattci group of studies the results indicate that 


it is not the degree of packed cell volume pet se 
that is responsible for the retardation of the 
sedimentation, for when the anemia was vaiied 
artificially the sedimentation rate varied as would 
be expected from Wintrobe’s coriection chaits 
Therefore, it must be something else i elated to 
the degree of anemia, not the anemia per se, 
which tends to retard sedimentation This sug- 
gests in vivo rathei than in vitro phenomena 
Since the sedimentation rate is not direct^ 
related to the concentration of the erythrocytes. 
It w'as then considered advisable to study the 
lelationship of rouleau foimation m sickle cell 
anemia and the sedimentation rate It is appio- 
piiate for the sake of continuity of thought, 
to describe first obsen^ations on the effects of 
oxygen and caibon dioxide on sedimentation 


OXYGEN AND CARBON DIOXIDE AND THE 
SEDIMENTATION RATE 

The effect of oxygen and carbon dioxide 
on the sedimentation late was studied for 4 
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TiS 2 — A, the efltcct of artificial anemia on the 
sedimentation rate of a patient in w'hom tlie degree of 
anemia was seiere, the packed cell ■volume being less 
than 25 per cent B, the effect of artificial anemia on 
the sedimentation rate of a patient in whom the degree 
of anemia was moderate, the packed cell %olume being 
greater than 25 per cent 


patients Avith sickle cell anemia and 4 contiol 
patients wnth conditions other than sickle cell 
anemia Fifteen cubic centimeters of ox\Iated 
blood from each of the patients was diAided into 
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thiee portions, each being placed in a 50 cc 
Erlenmeyer flask containing air, approximately 
100 pel cent oxygen and approximately 100 per 
cent caibon dioxide, respectively The sedi- 
mentation rate from the flask containing air was 
detei mined immediately The remaining flasks 


60 ) 
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■ 4 pahents w»lh Sickltf cell anomia. 
E2 4 patients wtlhoul sickle cell anenr^ta 


Fig 3 — The effect of oxygen and carbon dioxide on 
the sedimentation rates of patients with sickle cdl anemia 
and patients with other conditions 

were corked and were rotated occasionally for 
sixty minutes, after which the sedimentation 
rates were determined The bloods of a patient 
with sickle cell anemia and a contiol were tested 
simultaneously 


hour The effects m the control group were not 
nearly so marked 

The sedimentation rates of the bloods sub- 
jected to a negative pressure slightly greater 
than atmospheric, 780 mm of mercury, for 
twenty-three minutes showed alterations similar 
to those produced by saturation with oxygen, 
although the bloods appeared grossly identical 
111 color to those completely saturated with 
carbon dioxide (table 2) When the vacuum- 
treated blood was saturated ivith carbon dioxide, 
the sedimentation rate -was reduced to almost 
7ei 0 , and when it was satui ated with oxygen the 
rate was greatly accelerated 

Comment — The mechanism by which carbon 
dioxide and oxygen produce the changes m sedi- 
mentation rate is unknow n Bunting “ noted a 
similai effect and stated that oxygen tended to 
fa\or rouleau formation and decrease sickling 
wdiile carbon dioxide had an opposite effect Such 
morphologic changes were lacking m the control 
bloods The relations of these phenomena are 
furthei discussed m the next group of experi- 
ments Carbon dioxide has been knowm to in- 
crease the volume of the erythrocjdes, inducing 
an exchange of electiolytes between the erythro- 
cytes and the plasma, to change the pa of the 
plasma and cells, etc ' The relative importance 
of these changes with regard to the sedimenta- 
tion rate m normal and m diseased patients is 
not clear The fact that the sedimentation rate 


Table 2 — Influence of a Vacuum on the Scdtmcntalton Rates of Three Paltcnts tenth Sickle Cell Anemia and 

Foui Conti ol Subjects 
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anemia and 4 contiol patients were subjected 
to a negative pressuie of 780 mm of meicury foi 
twenty-three minutes, and the sedimentation 
rates were determined and compared with those 
previously found for the same bloods 

Results — Oxygen invariably accelerated the 
sedimentation rates of the patients with sickle 
cell anemia, but did not accelerate the rates of 
the control patients Carbon dioxide greatly 
letarded the sedimentation rates of the patients 
with sickle cell anemia and slightly retarded the 
settling rates of the control gioup (fig 3) In 
fact, carbon dioxide almost entirely stopped the 
settling of the eiythrocytes of the persons with 
sickle cell anemia, reducing it to 1 to 3 mm m an 


carbon dioxide and other gases by vacuum, an 
effect similar to that produced by satui ation of 
the blood wuth oxygen, tends to indicate that it 
Avas the removal of the carbon dioxide that 
pioduced this effect The blood had the daik 
color of reduced hemoglobin An addition of 
oxygen further accelerated the rate of sedi- 
mentation, Avhile an addition of carbon dioxide 
reduced the rate to almost zeio It is possible 
that addition of oxygen to the blood of persons 
Avith sickle cell anemia produces its effect by 

7 Ham, H T, and Curtis, F C Sedimentation 
Rate of Erythrocytes, Medicine 17 447-517, 1938 
Fahraeus, R Suspension Stability of the Blood, Phys- 
iol Rev 9 241-274, 1929 
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decreasing the lelative amounts of carbon 
dioxide 

ROULEAU FORMATION AND THE 
SEDIMENTATION RATE 

The relationship of rouleau formation and the 
sedimentation rate was studied m 5 patients with 



Fig 4 — Rouleaux as seen immediately after removal 
of venous blood from the antecubital vein These were 
of an “abnormal” character and resembled agglutination 
because of the more or less haphazard clumping 

seveie sickle cell anemia Five patients with 
conditions other than sickle cell anemia weie 
used as control subjects Immediately after the 
blood had been collected as previously desciibed, 
a diop was placed on a slide under a cover slip 
and sealed m with petrolatum About 5 cc of 
the lemaimng blood was placed in each of two 
50 cc Eilenmeyei flasks One flask was ah eady 
filled with oxygen and the other with carbon 
dioxide Each was rotated occasionally over a 
peiiod of about sixty minutes in ordei to insure 
satuiation of tbe contained blood vith the lespec- 
tn e gases A wet pi cparalion was made ■s\ ith a 
' diop fiom each of the flasks, as pieviousl} 
desciibed foi the venous blood, and rouleau 
foimation was observed At the time each of 
the pieparations was made for study of rouleau 
ioi Illation, a piepaiation foi deteimination of the 
''edimentation i ate w as set up and the rate deler- 
uiiiicd 

Results — In the bloods of the 5 control 
patients noiiiial rouleau formation vas seen 
On the other hand, the bloods from the patients 
with sickle cell anemia showed at least three 
diftcient t\pes of phcnoineiia, depending on 
whether or not the} weie saturated with ox}gen 
or caibon dioxide oi were nieieh \enous blood 


1 The eiythrocytes of \enous blood con- 
gregated to form rouleaux of an “abnormal” t}^pe 
These rouleaux were imperfect m that the 
erythrocytes were not stacked neatly but were 
gathered m irregular masses resembling agglu- 
tination rather than rouleaux (fig 4) Pressuie 
on the cover slip dispersed the rouleaux and 
separated the cells momeiitaiily After thiee to 
five minutes the cells leumted m then “abnoi- 
nial” foimation When the ei}throc)tes were 
dispersed they showed signs of early sickling 

2 The blood that was saturated with carbon 
dioxide showed no evidence of rouleau forma- 
tion, not even a tendency of the erythioc}tcs to 
aggiegate There was marked sickling (fig 5) 

3 The blood saturated wuth oxygen show^ed 
rouleau formation that appealed to be normal 
m every lespect (fig 6) 

The late of sedimentation showed a definite 
con elation with rouleau foimation (fig 7) 
The venous blood wdiich showed the “abnoiinal” 
louleaux had a mean sedimentation late of 
21 mm 111 one hour The blood satuiated wuth 
carbon dioxide, which show^ed no rouleaux, had 
an average rate of 2 mm while the blood 
satuiated with oxygen, which showed noimal 
rouleaux, had a rate of 48 mm Collections 
w'ere made for the degree of anemia 



Flo 5 — Absence of rouleaux after saturation of the 
blood with carbon dioxide Sickling is about 100 per cent 


Comment — Since it is well known that the 
late of sedimentation is di recti} proportioned to 
the degree of rouleau formation, these results 
are not surprising The extent to w Inch carbon 
dioxide and ox}gen influenced these phenomena, 

S Cutler, J W , Park, F R , and Herr, 15 S 
The Influence of Anenin on Blood Sedimentation, \ni 
J M Sc 195 734-751, 1938 
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howevei, is interesting In active sickle cell 
anenna the rouleaux are imperfect They can be 
made normal by saturation with oxygen and 
made to disappear completely with carbon 
dioxide The mechanism of the action of these 
gases IS unknown, whether it is the caibon 



Fig 6 —“Normal” rouleau formation after saturation 
of the blood with oxygen 


dioxide or the lack of oxygen that is important 
has not been definitely detei mined The studies 
with a negative pressure tend to indicate that 
it IS the presence of carbon dioxide that is impoi- 
tant This will be discussed further These 
gases might ultimate^ produce their effects b}' 
changing the structure of the erythrocytes, for 
it has been shown that sickling is increased by 
carbon dioxide and deci eased by oxygen It 
would seem to be difficult to stack sickled cells 

ft 

neatly in louleaux Of course, there are many 
othei conceivable possibilities that could ex- 
plain these findings In many instances, blood 
saturated or partly saturated with carbon dioxide 
showed an “abnormal” type of rouleaux when 
viewed immediately on removal from the flask 
The sedimentation rates of these bloods were 
slow, although free sickle cells were not yet in 
abundance When free sickle cells were in 
abundance the sedimentation rate was invariably 
slow This suggests that there are other factors 
beside the tyne of rouleaux which affect the sedi- 
mentation rate after gaseous satui ation, although 
the type of rouleaux seems to be of great impoi- 
tance 

As will be shown in the next group of experi- 
ments, the sickling, rouleau formation and slow 
sedimentation late are reversible Fluctuations 
from one state to the other can be made to take 
place wnth the use of ox 3 ^gen and carbon dioxide 


REVERSIBILITY OE THE SEDIMENTATION 
RATE 

The revel sibihty of the sedimentation rate was 
studied in 5 patients with sickle cell anemia and 
3 patients with disease states other than sickle 
cell anemia A sample of blood of each of the 
patients was collected and saturated with carbon 
dioxide and then with oxygen or with oxygen 
and then with carbon dioxide The saturations 
weie earned out in Erlenmeyei flasks as pievi- 
ousty described The sedimentation rate was 
determined after the blood ivas saturated with 
each gas 

Results — The results are graphically sum- 
marized in part by figure 8 As found in the 
gioup of experiments immediately preceding, 
carbon dioxide greatly letarded sedimentation 
of the erjthrocytes of blood showing sickle cell 
anemia and ox^'gen accelerated it 

When tlie sedimentation rate w'as retarded by 
carbon dioxide, saturation of the blood with 
oxygen wmuld accelerate the rate of sedimenta- 
tion, increasing it to what it was when only 
OX} gen w'as used, making it even more rapid 
than that for venous blood alone Carbon 
dioxide would retard sedimentation of er}'thro- 
cytes of blood previously accelerated wuth 
oxygen The marked quantitative changes 
pioduccd by these gases ma} be noted in 
figure 8 No attempt w^as made to learn the 
number of times the rate could be reversed by 
seiially alternating the saturations of the blood 
wnth ox}gen and carbon dioxide, although the 
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Fig 7 — The relation between the type of rouleau 
formed and the sedimentation rate 


sedimentation rate w^as reversed in 2 patients 
when oxygen, carbon dioxide, oxygen, and 
carbon dioxide were used consecutively 

The sedimentation rates of the erythrocytes 
of the control group of subjects were also 
changed, but these changes varied qualitatively 
as well as quantitatively, the changes never being 
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as diainatic as with sickle cell anemia and, in 
some cases, not even being reversible (fig 8 A) 
Comment — These findings aie in keeping 
with those found in the preceding study and 
similaily show a coi relation with louleaux and 
sickling The fact that the sedimentation late 

2 ev;crstbility 
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Fig 8 — The effect of the successive satuiation of a 
single sample of blood of patients with and without sickle 
cell anemia {A) with oxygen and then with carbon 
dioxide and (F) with carbon dioxide and then with 
oxygen 


of the blood of the patients with sickle cell 
anemia was reversible and that of the contiols 
was not leversible (fig ^A) suggests an intei- 
estmg quahtative difference between blood ot 
persons with sickle cell anemia and with othei 
types of disease This qualitative difference was 
not noted when oxygen was adinimstei ed fiist 
(fig 8 5) It IS necessary that a much larger 
nuinbei of bloods from patients with many types 
of disease states be studied before the signifi- 
cance of these findings can be evaluated 

Satuiation of the blood with carbon dioxide 
inci eased its packed cell volume, the increase 
being as gieat as 12 per cent This is in keeping 


with studies of Smirk,® who found increases of 
cell volume as great as 17 pei cent after satuia- 
tion of blood with carbon dioxide 

It was noted 111 freshly drawn venous blood 
that the degree of sickling was less among the 
cells taken from the upper part of the erythrocyte 
layer in the Wmtrobe tube and gi eater among 
cells taken from the bottom It is possible that 
theie IS greater anoxia among the latter group 
of cells Theoi etically, theiefore, the cells at the 
bottom would tend to fall more slowly and 
impede the fall of the more lapidly settling and 
bettei oxygenated erythrocytes near the top of 
the eiythrocyte column 


EXPOSURE OF BLOOD TO AIR AND THE 
SEDIMENTATION RATE 

The effect of blood’s standing m an on the 
sedimentation rate was studied in 3 patients with 
sickle cell anemia and 3 patients with othei 
clinical states Five cubic centimeteis of blood 
fiom each patient was allowed to stand in a 
50 cc Eilenmeyei flask for sixty minutes The 
flask was rotated foi one minute out of eveiy 
fifteen Sedimentation rates weie detei mined 
befoie and after exposure to air 

Results — The sedimentation rate of the blood 
of patients with sickle cell anemia was inci eased 
to approximately three and one-half times the 
sedimentation late determined immediately aftei 
the blood was drawn from the vein The sedi- 
mentation rate of the contiol bloods was un- 
changed (figs 9 A and 10) 
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Fig 9 — A, the sedimentation rate before and after 
exposure of blood to air for sixty minutes F, the sedi- 
mentation rate before and after inhalation of 100 per 
cent oxygen for twenty-three minutes 


Comment — The acceleration of the sedimenta- 
tion rate of blood exposed to air in patients with 
sickle cell anemia is similar to that seen when the 
blood of such patients is saturated with oxygen 
In the experiments m which blood was satuiated 

9 Smirk, H F The Accurate Measurement of 
the Proportion of Corpuscles and Serum in Blood, Brit 
J Exper Path 9 81-89, 1928 
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with 100 pei cent oxygen the sedimentation late 
was twice the sedimentation rate of blood taken 
directly from patients The increase in the 
settling rate of blood standing in an (about 
20 per cent oxygen) was of the same oidei of 
magnitude as that seen when 100 per cent 
oxygen was used 

The state of previous gaseous saturation of the 
blood IS probably impoitant m determining the 
degiee of acceleiation of the sedimentation late 
when blood stands in air Caidiac disease, pul- 
monary disease oi musculai exeition contributes 
to anoxia and an accumulation of carbon dioxide 
If blood from such patients is allow'ed to stand 
in air and become ox)'^genated, a greater accelera- 
tion of sedimentation rate may result than if the 
blood -were not initially anoxic This situation 
may be comparable to the in vitro acceleration 
by ox 3 'gen of the sedimentation rate of blood 
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Fig 10 — The degree of change produced bj aeration 
of venous blood in the sedimentation rates of the er 3 ’thro- 
cj'tes of patients with sickle cell anemia and with other 
clinical states 


previously saturated with carbon dioxide The 
sedimentation rate was accelerated twenty-three 
times by such a procedure (fig ^A) 

OXYGEN INHALATION AND THE SEDI- 
MENTATION RATE 


Results — The results aie summarized in 
figuie 9B The sedimentation rates of the 
erythrocytes of the patients with sickle cell 
anemia weie accelerated m vivo, as well as 
m vitro, while the sedimentation rates of the 
other subjects w^eic not affected The sedi- 
mentation rates of the subjects w'lth sickle cell 
anemia w'cre moi e than doubled by the inhalation 
of oxygen 

Cojument — The fact that the sedimentation 
lates of the patients with sickle cell anemia were 
so greatly accelerated by their breathing 100 per 
cent oxygen indicates that the blood of these 
patients is not full) saturated wnth oxygen wdieii 
they are breathing air It also shows the need 
for controlling ox)'gen saturation of the blood of 
these patients when studying their er 3 dhrocytes 

The effect of ox 3 'gen on se\eral phases of the 
blood other than the sedimentation rate for 
patients wnth sickle cell anemia has been studied 
113 ^ othei s 

THE TOURNIQUET AND THE SEDIMENTA- 
TION RATE 

The sedimentation rate w'as determined for 

4 patients with sickle cell anemia and 4 patients 
with other disease states before and after the 
application of a tourniquet A blood pressure 
cuff, used as the tourniquet, w'as placed aiouncl 
the arm of each subject, and the pressure in the 
cuff was increased to a level just above the 
diastolic blood pressure Blood w'as collected 
from the antecubital vein below the toiuniquet 
at the end of sixty seconds and again at the end 
of ten minutes 

Results — The results are showni in figures 
11 A and 12 The sedimentation rates of the 
subjects with sickle cell anemia were markedly 
decreased, while those of the other subjects were 
not changed The sedimentation rate of 1 of 
the patients with sickle cell anemia w^as oiilj" 

5 mm in one hour initially and w^as reduced to 
2 mm by the tourniquet Application of the 
tourniquet produced an inciease in the packed 
cell volume of both gioups of subjects 


In the previous studies the effects of ox 3 'gen 
w'ere observed m vitio In order to obseive its 
effects in vivo on the sedimentation rate, 2 sub- 
jects with sickle cell anemia and 2 subjects with 
an anemia other than the sickle cell type weie 
made to breathe 100 per cent oxj^gen for twenty- 
three minutes in a clinical Benedict-Roth basal 
metabolism apparatus The exhaled carbon 
dioxide was removed with soda lime The sedi- 
mentation rate of the erythroc 3 ’^tes of each subject 
w'as measured before and after the breathing of 
ox3'^gen 


10 (a) Reinhard, E H , Moore, C V , Dubac^ R, 
and Wade, L J The Effect of Breathing 8 O 70 to 
100% Oxygen on the Erythrocyte Equilibrium m 
Patients with Sickle Cell Anemia, Proc Central Soc 
Clin Research 15 13-14, 1942 {b) Hahn, E V , and 

Gillespie, E B Sickle Cell Anemia, Arch Int Med 
39 233-254 (Feb ) 1927 (c) Schriver, J B , and 

Waugh, T R Studies on a Case of Sickle Cell 
Anemia, Am J M Sc 181 134, 1931, abstracted, 
Canad M A J 13 375, 1930 (ff) Klinefelter, H F 
The Heart m Sickle Cell Anemia, Am J M Sc 203 
34 51, 1942 ie) Sherman, I J The Sickling Phe- 
nomenon with Special Reference to the Differentiation 
of Sickle Cell Anemia from the Sickle Cell Trait, Bull 
Johns Hopkins Hosp 67 309-324, 1940 
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Comment — The results of this group of ex- 
penments were to be expected m view of the 
pievious m vitio studies of the effects of satuia- 
tion of the blood with caibon dioxide A venous 
stasis as produced by the tourniquet results m 
a deciease of the oxygen content and an increase 
of the carbon dioxide content of the venous 
blood One subject with sickle cell anemia had 
an initial sedimentation rate of 5 mm in one 
houi and this late was decreased to 2 mm by 
venous stasis, a deci ease of 3 mm , or a change 
of 60 per cent The initial rate was so slow that 
one would not expect as gieat a i eduction as 
in a subject whose initial rate was much moie 
lapid, e g 30 mm or more in an hour 
Furtheimoie, these results show the extreme 
importance of controlling the length of time the 
tourniquet is applied when one is collecting 
blood for study in patients with sickle cell 
anemia A great pait of the change pioduced 
by the tourniquet must be due to the gaseous 
changes that lesult, but hemoconcentiation, wuth 



W ^ with c<U anemia BS p3tifnt'5 with sicklr ctfU anemia 

patients without sickJeccU anemia patients without sicWl^ cell anemia 

Fig 11 — A, the sedimentation rate before and after 
the application of a tourniquet for ten minutes B, the 
sedimentation rate before and after rebreathing into 
a bag 

an increase in the plasma protein, concentration 
of the cellular elements and the like, probalily 
plays an important role 

EFFECTS OF EEBREATHING ON THE 
SEDIMENTATION RATE 

This group of expel iments, like the preceding 
two, were m vivo studies The sedimentation 
lates of 2 patients with sickle cell anemia and 
2 with other disease states were determined 
before and after each rebreathed into a bag 
They were allowed to bieathe into the bag for 
two minutes, or until they showed symptoms of 
carbon dioxide accumulation 

Results — The sedimentation lates of the 2 
patients with sickle cell anemia were slowed 
40 per cent, whereas there was no significant 
slowing of the rates of the other 2 patients 
(% 11 B) 

Comment — The effect of rebreathing is simi- 
lar to that produced by application of a tourni- 


quet or by saturation of the blood in vitro with 
carbon dioxide These results indicate the 
importance of controlling the systemic accumula- 
tion of carbon dioxide generally when studying 
the blood of patients with sickle cell anemia 
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Fig 12 — The degree of retardation by the application 
of a tourniquet of the sedimentation rates of the erythro- 
cytes of patients with sickle cell anemia and with other 
clinical states 

CORRELATION OF INFLUENCE OF OXYGEN, 
AIR AND CARBON DIOXIDE AND OF 
THE TOURNIQUET ON THE 
SEDIMENTATION RATE 

Figure 13 illustrates, on the one hand, the 
similaiity of the effects of saturation of blood 
with oxygen and with air in accelerating the 
sedimentation rate of the erythrocytes of persons 
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Fig 13 — A, the close relation between the degree of 
acceleration of the sedimentation rate produced by aera- 
tion and by oxygenation of venous blood from patients 
with sickle cell anemia and with other clinical states 
B, the close relation between the degree of retardation 
of the sedimentation rate produced by application of a 
tourniquet and by saturation of venous blood with carbon 
dioxide 

with sickle cell anemia and, on the other hand, 
the similarity of saturation of blood with carbon 
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dioxide by means of the pure gas and by venous 
stasis (tourniquet) These figures also show 
the lack of such changes in the bloods of patients 
with clinical states other than sickle cell anemia 

CORRELATION OF THE pn OE WHOLE 
BLOOD AND THE SEDIMENTA- 
TION RATE 

Table 3 shows the relation of the pn of whole 
blood to the sedimentation rate of the blood of 
4 patients with sickle cell anemia and 4 patients 
with other clinical states Two of the lattei had 
anemia Separate samples of blood from each 
patient were saturated with oxygen, air and 
carbon dioxide, and the pn was determined 
potentiometrically with a pn meter accurate to 
0 01 pn The double oxylate solution aheady 
desciibed was used as the anticoagulant, except 
for the blood of patients 7 and 8 of table 3 Ten 


ALTERATION OF THE pn BY MEAXS OF 
OXALIC ACID AI^D ITS EFFECT ON 
THE SEDIMENTATION RATE 

Five cubic centimeters of blood from patiCkils 
5 and 6 (table 3) were saturated with air 
Ciystals of oxalic acid were added until the pn 
approached that found when the bloods were 
saturated with carbon dioxide Sedimentation 
rates were then determined The results are 
shown in table 4 

The sedimentation rates were alteied only 
slightly by this procedure Patient 5 had a sedi- 
mentation rate of 38 mm per houi in air when 
the pn was 7 69, and after acidification with 
oxalic acid to a pn of 6 02 the sedimentation rate 
became 45 mm per hour Patient 6 had a sedi- 
mentation rate of 41 mm per hour after aeration 
{pn 7 68) After acidification to a pn of 6 32 


Table 3 — Relation Between the Sedimentation Rate, the Pn of Whole Blood and Saturation of the Blood 
with Os, At! and COs foi Fotii Patients ztnth StcKle Cell Anemia and Four Patients with Othei Conditions 


Oxygen Air Carbon Dioxide 

1 , , A ^ ^ < 


Patient 

No 

Diagnosis 

Scdl 

mentation 

Rate, 

Jim per 

Hr 

Pit 

Scdl 

mentation 

Rato, 

Jim per 

Hr 

pn 

Scdl 

mentation 

Rate, 

Jim per 

Hr 

pn 

1 

Dlccrathe colitis 

24 

7C2 

22 

7 62 

19 

6 40 

2 

Gout 

47 

7CC 

46 

761 

42 

6 45 

s 

Bleeding peptic ulcer 

21 

763 

20 

7 61 

19 

6 47 

4 

Bleeding peptic ulcer 

62 

7 7S 

60 

763 

50 

643 

6 

Sickle cell anemia 

40 

7 71 

30 

769 

1 

6 42 

5 

Sickle coll anemia 

45 

764 

41 

768 

1 

6 32 

7 

Sickle cell anemia 

67 

8 25 

63 

810 

1 

6 69 

8 

Sickle cell anemia 

43 

S28 

60 

812 

1 

678 


* Tlie pn values were the values found for the whole blood after saturation vith the rcspcetlvp gases 


milligrams of potassium oxylate for each 6 cc 
of blood was used for these 2 patients 

The blood saturated with oxygen or air was 
alkaline, and the blood saturated with carbon 
dioxide was acid The sedimentation rates of 
the erythrocytes both of the control subjects and 
of patients with sickle cell anemia were slower 
when the blood was acid than when it was 
alkaline For the latter group the sedimentation 
rates m acid and in alkaline mediums were 
markedly different, the range of difference being 
from 39 to 56 mm per hour For the control 
group the difference varied from 2 to 5 mm per 
hour The pn values for the patients with sickle 
cell anemia and the control subjects were not 
significantly different 

Comment — The changes m pn brought on by 
the saturation of the blood samples with oxygen 
or carbon dioxide were expected The next 
experiment was conducted in order to learn 
whether or not the changes in sedimentation 
,^were related to the pn of the blood 


with oxalic acid, the sedimentation rate was 
36 mm pei hour 

Comment — From these experiments it would 
seem that it is not the changes m pn pioduced 

Table 4 — The Relationship Between the Sedimentation 
Rate of the Eiythrocytes and the pu of Whole 
Blood of Two Subjects with Sickle Cell Anemia’^ 


Acidification with 
Aeration Oxalic Acid 


Patient 

Sedimen 

tatlon 


Sedimen 

tatlon 


No 

Bate 

Pn 

Rate 

pn 

6 (table 3) 

89 

769 

45 

603 

6 Hable 8) 

41 

768 

so 

6 33 


• The bloods were first aerated and then the pn and sedimen 
tatlon rates measured The oxalic acid crystals were then 
added very slowly in order to reduce the pn to about the level 
produced by saturation with carbon dioxide (table S) and then 
the sedimentation rate was measured again 

by carbon dioxide or oxygen that are responsible 
for the effects on sedimentation produced by 
these gases These gases must produce their 
influence through some other mechanism than 
the mediation of pn 
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GENERAL COMMENT 

The experiments desciibed illustrate some 
of the factors which may alter the sedimentation 
late of the blood of patients with sickle cell 
anemia Inhalation of oxygen, exposure of 
blood to air and oxygenation of blood in vitio 
accelerate the sedimentation rate Rebieathing 
into a bag, application of a tourniquet and satura- 
tion of blood with carbon dioxide in vitro all 
letard the sedimentation rate These changes 
occur independently of the pn and at least depend 
on the degree of carbon dioxide saturation of the 
blood 

Oxygen lestoies sickled cells to the discoid 
form, fosters noimal louleau formation and 
lestoies the sedimentation late to about the 
expected rate for the degree of anemia This 
supports the value of oxygen therapy in the acute 
Cl ISIS of sickle cell anemia However, Rein- 
hai d administei ed 100 pei cent oxygen by 
means of an oxygen mask continuously for from 
eight to twenty days and noted a fall in the 
reticulocyte and the erythrocyte count He 
iiitei preted this to indicate a depression of 
erythropoiesis There is a need for further 
studies of this nature In spite of these findings. 
It may be advisable to administer a proper con- 
centration of ox 3 ^gen to patients with severe 
active sickle cell anemia in the hope that the 
oxygen will restore the ciiculating erythrocytes 
to a more normal state 

When opeiation is necessary for these patients, 
an anesthetic gas which does not produce 
anoxemia is probably preferable Correct choice 
of the anesthetist is as important as the choice of 
the anesthetic agent Avoidance of anoxemia by 
proper technic may favor a successful outcome 
of a surgical procedure The effect of anesthetic 
gases on the blood of patients with sickle cell 
anemia has not been studied, to our knowledge 
It would seem, however, that gases requiring a 
minimum of oxygen to produce satisfactory 
anesthesia, such as nitrous oxide, would be 
contraindicated, whereas gases which allow full 
oxygenation of the blood during anesthesia, such 
as ether, would be preferable 

A changing sedimentation rate in the same 
patient from day to day has been mentioned ^ 
This may be due to changes in the disease state 
of the patient or in other physiologic states which 
vary normally, such as the oxygen and the 
carbon dioxide content of the blood It has been 
shown that these gases may influence greatly 
the sedimentation rate It is also likely that the 
inconstancy of results reported by others is due 
to variations of technic employed in the collec- 


tion of the blood oi in the handling of the blood 
once it was collected It has been shown m 
these studies that the duiation of application of 
a tourniquet has a marked effect on the sedi- 
mentation rate This is also tiue of the length 
of time the blood is exposed to air It is likewise 
possible that the sedimentation late is slower for 
venous blood than for arteiial blood 

Equal degrees of change in pn produced either 
by carbon dioxide saturation of whole blood or by 
addition of oxalic acid to the blood did not lesult 
in similar effects on the sedimentation rates of 
the erythrocytes of peisons with sickle cell 
anemia Caibon dioxide delayed sedimentation, 
Avhile oxalic acid had no effect In the control 
groups, an equal /’h change produced either 
by caibon dioxide or by oxalic acid had no 
significant effect on the sedimentation late of the 
eiythrocytes These findings suggest that carbon 
dioxide per se and not necessarily the change in 
/>H produced by the carbon dioxide is the sig- 
nificant factor that so markedly influences sedi- 
mentation 

It IS not difficult to understand how simple it 
IS to find variable results in the sedimentation 
rate of the blood of persons with sickle cell 
anemia when so many factors produce such great 
changes These observations indicate the need 
for controlling rigidly the method employed 
when comparing data for a single patient or foi 
different patients In view of the many factors 
affecting the sedimentation late, it is difficult to 
interpiet the sedimentation rates recorded in the 
hteratuie, especially when the methods used 
were not caiefully controlled or described in 
detail In order to standardize more the methods 
used in studying the blood of patients with sickle 
cell anemia, the following suggestions aie made 

1 The patient should be examined for evi- 
dence of pulmonaiy or cardiac disease oi any 
other state which tends to produce anoxia, so 
that the degree of anoxemia can be estimated 

2 He should rest for fifteen minutes before 
blood IS drawn, so that his blood will reach a 
state of chemical equilibrium 

3 A tourniquet should be allowed to remain 
on the arm for not longer than sixty seconds 
during the withdrawal of the blood, and the tech- 
nic should be constant when patients aie 
compared 

4 A quantity of blood should be drawn which 
will almost fill the vial into which it is to be 
placed, since this prevents excessive oxygenation 
of the blood The vial should be corked imme- 
diately and rotated only sufficiently to insure 
mixing of the blood and the anticoagulant 
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5 A diy anticoagulant should be used, so as 
not to intioduce gases contained in a fluid anti- 
coagulant 

6 The sedimentation rate should be detei- 
niined immediately, at a fairly constant tempeia- 
tuie 

It IS well to point out again that the degree of 
change m the sedimentation rate produced b} 
factors which influence sedimentation, such as 
oxygen, caibon dioxide and air, depends to a 
gieat extent on the initial rate of sedimentation 
All factois being equal, oxygen will pioduce a 
gieatei acceleration of sedimentation if the initial 
value IS low and carbon dioxide wnll produce a 
gieatei deceleration if the initial rate is rapid, 
and vice veisa Foi such leasons, it is difhciilt 
to compare or to evaluate the amount of change, 
and it IS theiefore better to compaie levels 
reached when the sedimentation rate is changed 
The application of these principles to the diag- 
nosis of sickle cell anemia wnll he considered in 
a subsequent report 

SUMMARY 

Seveial groups of experiments demonstrate 
some of the factois wdnch influence the sedi- 
mentation late of the eiythrocytes of patients 
with sickle cell anemia 

The sedimentation lates of 6 of 10 patients 
with sickle cell anemia w^ere slow wdien com- 
pared with their packed cell volumes The 
patients with the most seveie anemia had the 
slow^est sedimentation rates 

Additional anemia produced aitificially in 
the blood’ of patients who already had mild or 
severe anemia did not produce a comparable 
slowing of the sedimentation rate It is there- 
fore not the anemia itself which produces the 
slow sedimentation rate, but some other factoi 
which changes concomitantly Avith the decrease 
m erythiocytes 


The data indicate stiongl> that it is carbon 
dioxide pei se and not the change in pn produced 
by caibon dioxide that so significantly slows the 
rate of sedimentation of the er 3 ’throc) tes 

The sedimentation can usually be con elated 
with the type of rouleau formation, being rapid 
w’hen rouleaux are “normal,” somewdiat slow 
w’hen they are “abnormal” and very slow when 
the)’ are absent Although the sedimentation 
rate was invariably slow w’hen rouleau formation 
W’as absent, the slow’ rates seen when louleaux 
w’Cie abnoimal suggests that other factors 
besides the formation of rouleaux affect the 
sedimentation rate 

The sedimentation late of blood saturated 
w’lth oxygen w’as invariably accelerated, and the 
sedimentation rate of blood saturated w’lth 
carbon dioxide w’as invariably retarded The 
retardation was frequently so great that se\erel 3 
anemic blood did not settle more than 2 or 3 mm 
in four or five days 

The sedimentation rate is accelerated by 
placing blood in a vacuum of 7S0 min of 
mercur)’ for twenty-three minutes Carbon 
dioxide probabl)’ greatly letards the sedimenta- 
tion rate by mechanisms other than mere exclu- 
sion of oxygen 

The sedimentation rates of patients w’lth sickle 
cell anemia could be slow’ed or accelerated b) 
alteinate satin ation w’lth carbon dioxide and 
ox 3 ’gen, that is, the sedimentation rates w’ere 
leversible and vaiied considerabl)’ Normal 
blood W’as affected only slightly b)’ these gases 

Inhalation of pure oxygen accelerated the sedi- 
mentation rate, as did also exposure of the blood 
to air 

Keeping a tourniquet on the arm for ten 
minutes retarded the sedimentation rate, as did 
also 1 ebreathing into a paper bag 
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GASTROENTEROLOGY 

A REVIEW OF THE LITERATURE FROl^I 
JULY 1942 TO JULY 1943 

CHESTER M JONES, MD 

Physician, Massachusetts General Hospital , Clinical Professor of Medicine, 

Harvard University 

BOSTON 

A review of the literatuie legaiding physiology and disease of the digestive tiact 
IS of particular inteiest at the piesent time Gastiointestinal disease and distui- 
bances of 'gastiointestinal function constitute one of the most important medical 
pioblems of the wai, affecting both the aimed forces and civilians Because of this 
fact, the piesent leview will include mention of many articles that do not contain 
stiictly new material but which may call attention to the numerous factois 
influencing the behavioi of the alimentary tiact 

PHYSIOLOGIC ASPECTS 

Perusal of the literatuie on this subject leveals moie than evei the multiplicity 
of factors enteimg into properly integrated gastiointestinal function Many of 
these factors are still little understood or purely hypothetic, but on the whole a 
much clearei undei standing is appaient of the relationship between the neivous 
sj^stem, the glands of internal secietion and gastrointestinal function 

Mot 01 Aspects — An excellent general discussion of digestion and the neivous 
system is that of Thomas,^ who outlines first the extrinsic innervation of the stomach 
and of the small and the laige bowel He discusses the effects of vagotomy and 
sympathectomy on the motor activity of the various levels of the digestive tract 
Thus the immediate effect of vagotomy is pionounced loss of tonus and motility 
in the fasting stomach, whereas section of the splanchnic neives has less effect on 
gastiic motility than division of the vagi In the small bowel parasympathetic 
deneivation has apparently only minor effects on the activity of the smooth muscle, 
but stimulation of the sympathetic neives, as a rule, results in loss of tone and 
cessation of motility Stimulation of the parasympathetic innervation of the large 
intestine via the pelvic nerves appears to augment the activity of both the ciicular 
and the longitudinal muscles of the large intestine and at the same time to cause 
1 elaxation of the internal anal sphincter Removal of the mferioi mesenteric ganglion 
111 dogs causes a persistent diarrhea The predominant action of the sympathetic 
innervation of the large bowel appears to be largely inhibitory Thomas also dis- 
cusses the innervation of the digestive glands and cential mechanisms He refers 
particularly to the recent studies by Wolf and Wolff in relation to the effects of 
emotional disturbances As an informative and enlightening presentation of the 
factors influencing gastric function, the reviewer would like to give particular credit 
to the experimental studies of these two investigatoi s ^ Their most important 

1 Thomas, J E Digestion and the Nervous System A Review of the Literature, Am J 
Digest Dis 10 201, 1943 

2 Wolf, S , and Wolff, H G Human Gastric Function, New York, Oxford University 
Press, 1943 Richards, C H , Wolf, S , and Wolff, H G The Measurement and Recording 
of Gastroduodenal Blood Flow in Man by Means of a Thermal Gradientometer, J Clin 
Investigation 21 SSI, 1942 Wolf, S , and Wolff, H G The Gastric Mucosa, “Gastritis” 
and Ulcer, Am J Digest Dis 10 23, 1943 
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1 esults and a summary of then work appear m a recent publication, which warrants 
careful study by any one inteiested in the fundamentals of gastric physiology and 
disease In this volume is to be found a most excellent description of the changes 
occurring in the gastric mucosa involving motoi activity and secretion and blood 
flow undei varying conditions Ihe effect of various emotional states on gastric 
emptying time, the vascularity of the stomach and sensation m the stomach and the 
mechanisms undei lying gastiic s3'mptoms aie discussed m detail and bring up to 
date m an easily visualised mannei the oiiginal ohseivations of Beaumont on Alexis 
St Martin The measuiements of blood flow m the stomach, for example, are of 
extreme interest Conti actions of the wall of the stomach and duodenum were 
accompanied by tiansitory acceleration of blood flow Histamine induced a pro- 
longed acceleiation of blood flow in the gastric mucosa The meie discussion of 
appetizing food was accompanied by an accelerated blood flow, and emotional states 
lesultmg 111 anxiet>, lesentment and tension had a similar effect The general dis- 
cussion by Thomas and the veiy caieful imestigations of Wolf and Wolff, w'hich 
are piesented m book foim, together gne an excellent background for any considera- 
tion of gastiomtestmal plnsiolog.}, particularlj’- m relation to gastritis and 
gastric ulcei 

In any discussion of the “normal” i espouses m a given sj'stem, it is important 
to stiess the wade lariations that may be encountered Van Liere and Northup® 
have studied the emptying time of the normal human stomach m the )foung adult 
in order to establish a criteiion of the normal gastric emptying time Sixty-nine 
subjects w'ere observed under standard conditions and by repeated tests Fluoro- 
scopic studies showed that the average emptjing of a standard meal of cereal and 
baiium sulfate occuired at tw'o and one-tenth hours, extremes ranged from one 
and five-tenths to three and three-tenths boms These figures, of course, apply only 
to a given technic with a given motor meal, but they at least offei a basis for com- 
parative studies on gastiic motoi activit} m human beings and supplement the 
studies made by these authors on other age groups 

The effect of hydrochloric acid on the pyloric sphincter Avas studied by Quigle} 
and his associates ^ Their studies weie earned out on dogs by the use of experi- 
mental balloons, and evidence was obtained that hydrochloric acid m the stomach 
exeits little or no physiologic action on the motoi activities and pressure changes 
in the pyloiic sphincter legion or on the process of gastric evacuation In the 
duodenum, hydrochloric acid is moderately effective m suppressing the pyloric 
antrum and thus letards gastric evacuation, presumably to bring about a more com- 
plete neutralization of acid values in the duodenum 

Winfield and Kaulbersz ® found that solutions of diied bile or bile salts induced 
gastric hungei contractions wdien placed m a fasting dog’s stomach, an action which 
was inhibited by subcutaneously injected atropine sulfate If introduced during the 
contraction phase, bile, choline, potassium chloride, magnesium salts and calcium 
chloride cause inhibition of gastric conti actions m many instances Potassium 
chloiide when introduced in the fasting state has an action similar to that of bile 
Apparently smooth muscle activity is similai to that of the skeletal muscle with 

3 Van Liere, E J , and Northup, D W The Emptying Time of the Normal Human 
Stomach in the Young Adult, Gastroenterology 1 279, 1943 

4 Quigley, J P , Read, M R , Radzow, K H , Meschan, I , and Werle, J M The 
Eflect of Hydrochloric Acid on the Pyloric Sphincter, and Adjacent Portions of the Digestive 
Tract, and on the Process of Gastric Evacuation, Am J Physiol 137 153, 1942 

5 Winfield, J M , and Kaulbersz, J Influence of Bile on Gastric Motility, J Pharmacol 
& Exper Therap 76 97, 1942 
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lespect to liberation of potassium Cicardo® has obseived that electric stimulation 
of stomach strips or application of acetylcholine in concentrations that pioduce 
rhythmic contractions caused a liberation of potassium This effect was increased 
by physostigmme Atropine prevented the liberation of potassium by acetylcholine 
Slaughter, Goddard, and Henderson ‘ present evidence that the effects of morphine 
on the stomach can be potentiated by a cholinergic drug Prostigmme methyl- 
sulfate was used as the potentiating drug When inactive doses of morphine were 
given after subliminal doses of prostigmme methylsulfate, a typical morphine-like 
effect was seen in the stomach, as shown by a rise in tonus and rhythmic activity 
above the normal level Individual inactive doses of morphine and prostigmine 
methylsulfate combined in one injection produced a typical morphine-like effect 
The effects of atropine, piostigmme, epinephrine and calcium on the movements 
of the fasting human stomach were studied by Anderson and Morris,® using a 
modification of Carlson’s balloon method The drugs were administered sub- 
cutaneously, intramuscularly and intravenously during diffeient phases of gastiic 
activity In small doses atropine caused an inci ease in the frequency and amplitude 
of hungei conti actions and a slowing of the pulse, but a second small dose apparently 
had a sensitizing effect, and theieby an antiparasympathetic action was obtained 
In large doses the drug inhibited the movements of the stomach and quickened the 
heait beat Prostigmme was shown to have an excitor effect on gastric motility, 
which was not pi evented by premedication with atropine unless the latter was given 
m laige doses Epinephrine m small doses occasionally increased gastric motility, 
but 111 large doses it consistently had a sedative action, as did calcium The 
inhibitoiy action of calcium on the fasting conti actions of the stomach was accom- 
panied by a slowing of the heait rate, indicating vagal activity 

Furthei studies on the i elation between low oxygen tension and gastric emptying 
time are to be found in an article by Stickney and Van Liere ° In this investigation 
the gastiic emptying time after a standard meal was determined for 5 dogs during 
discontinuous exposure to i educed oxygen tension simulating altitudes of 12,000, 
16,000 and 18,000 feet The usual delay m gastric emptying produced by anoxia 
was found to be gradually reduced m every case The return to normal gastric 
emptying under these conditions was complete at tensions of 100 mm of oxygen 
and 86 mm of oxygen At 80 mm of oxygen tension (18,000 feet, equivalent), only 
1 dog out of 5 showed a complete return to normal levels Considerable individual 
variation was found in the time for complete return to noimal gastric emptying 
The persistence of this adaptation of anoxia to the periods of discontinuous exposure 
was fiom less than a week to over six months Since gastric emptying time as an 
index of function may reveal adequacy of the adjustment of the compensatory 
mechanism during anoxia, the authors suggest that it may be regarded as another 
ciiterion of acclimatization In an attempt to find a simple substance which would 
1 educe to normal the increased gastric emptying time produced by anoxia, Stick- 
ney investigated the effect of oil of peppermint, dehydrocholic acid and disodium 

6 Cicardo, V H Liberation of Potassium During Contractions of Stomach, Rev Soc 
argent de biol 17 81, 1941 

7 Slaughter, D , Goddard, A B , and Henderson, W M Some New Aspects of Morphine 
Action Effect on the Stomach, J Pharmacol & Exper Therap 76 301, 1942 

8 Anderson, W F , and Morns, N The Effects of Atropine, Prostigmme, Adrenaline 
and Calcium on the Movements of the Fasting Human Stomach, J Pharmacol & Exner 
Therap 77 258, 1943 

9 Sticknej’^, J C , and Van Liere, E J Acclimatization of Low Oxygen Tension in 

Relation to Gastric Emptying, Am J Physiol 137 160, 1942 , 

10 Sticknej, J C Effect of Oil of Peppermint, Dehydrochlonc Acid and Disodium 
Phosphate on Gastric Emptying Time in Dogs, Proc Soc Exper Biol & Med 52 274, 1943 
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phosphate These agents weie chosen because they have been lepoited to deciease 
gastnc emptying time in human beings and because they have little oi no com- 
plicating side effects No significant changes were noted after the administration 
of any of these pi epai ations 

In Older to evaluate more propeily the factoi of anovia m acute gastric dilata- 
tion, a comparative study was made by Johnson and Mann on the effects of 
anesthetics on gastric tonus and motility m the trained dog Studies were made on 
animals in which the extrinsic gastnc nerves w ei e present and on animals that had 
undergone vagotomy and splanchmcectomy It was found that anesthetics had 
either a depressing effect on gastric tonus and motilit} or no effect at all The 
degree of motor activity was in general directly proportional to the degree of anes- 
thesia produced, legardless of the agent used The authors conclude that this effect 
IS not mediated thiough the vagus oi splanchnic neives but is due to a primary 
action on the peiipheial gastric motor mechanism The relative quantity of oxygen 
m the blood and tissues did not appeal to be a determining factor Striking indi- 
vidual susceptibility was noted, as might have been expected Piemedication vith 
morphine and atropine definitely prolonged the depressing effect of ether, an impor- 
tant point m 1 elation to pieoperative medication The depth of the anoxia appeared 
to be more important than its duration 

Necheles and his collaborators made determinations of gastnc motility in dogs 
following the injection of various pyrogens Pentnucleotide, thymus and yeast 
nucleic acid, Bacillus coh vaccine, triple typhoid vaccine and a crystalline prepara- 
tion of a bacterial pyrogen weie used In a great number of experiments depression 
of the gastric motility resulted, with no change in rectal temperature and with no 
subjective signs in most of the animals This depiession of motor activity was 
prolonged The i elation of this finding to “djspepsia” during infections of the upper 
respiratoiy tiact and othei infectious diseases in which no or onty a slight elevation 
of body temperatuie occurs is discussed The authors feel that the threshold of 
the temperature center is higher than that concerned with gastric motility They 
also suggest that preparations of depressants of gastnc motility and secietion, such 
as pepsin and enterogastrone, may be contaminated with small amounts of pyrogenic 
substances 

The close relationship between changes in gastric and duodenal tonus and the 
resistance of the sphinctei of Oddi were studied by Leskovar Manometnc read- 
ings of alterations in the secretory pressure in the bile duct were recoided in rabbits 
and dogs at the same time that intragastiic pressures were recorded Heat applied 
to the skin produced an increase in gastric pressure and a similar increase in the 
resistance of the sphincter of Oddi Emesis in dogs caused an especially marked 
decrease of sphincter tonus, and the subcutaneous injection of atropine also 
decreased the tonus of the duct sphincter, but pilocarpine increased it A parallel 
relationship was seen to exist between changes in gastric and duodenal pressure 
and changes in tonus of the sphincter of Oddi Apparently the determining factor 
influencing the functional activity of the distal portion of the bile duct was the 
internal pressure in the stomach and duodenum 

11 Johnson, C R, and Mann, F C The Effect of Anesthetics on Gastnc Tonus and 
Motility With Special Reference to Acute Gastnc Dilatation, Surgery 12 S99, 1942 

12 Necheles, H , Dommers, P , Weiner, M , Olson, W H , and Rychel, W Determina- 
tion of Gastnc Motility Without Elevation of Body Temperature Following Injections of 
Pyrogens, Am J Physiol 137 22, 1942 Necheles, H Depression of the Stomach by Non- 
specific Substances, Proc Inst Med Chicago 14 345, 1943 

13 OLeskovar, R Function of the Sphincter of Oddi, Arch f exper Path u Pharmakol 
197 361, 1941 
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Some confirmation of Alvarez’ conception of an intestinal gradient is to be found 
in an article by Chang and Hsu on the chemical excitability of the isolated small 
intestine of the rabbit Under standard conditions, segments were taken from 
different levels of the intestinal tract and were simultaneously studied as to then- 
relative excitability Segments from the uppei levels of the intestine were generally 
more sensitive to acetylcholine, while those from the lower levels were more sensitive 
to epinephrine This gradient of chemical excitability was easily upset by shock 
and asphyxia of the animal The stimulating action of barium, physostigmine, 
histamine, pilocarpine and choline and the depressing action of atropine, potassium 
and magnesium appeared to be about equal in all the segments The difference in 
excitability of the intestinal musculature to the neurohormone was regarded as an 
innate property of the muscle fibers at the different levels 

The effect of intravenously administered dextrose on the motor activity of the 
stomach and intestine was studied by Belenkov and is of interest in relation to its 
possible effects following routine intravenous therapy In fasting dogs, a 20 cc 
dose of a 10 per cent solution of dextrose lowered the motor activity of the intestine 
and reduced the amplitude of and increased the intervals between the contractions, and 
a similar dose of a 20 per cent solution further inhibited intestinal contractions 
and increased the interval of contractions to twenty minutes This dose also affected 
gastric activity, shortening the peiiods of hunger contractions and lengthening the 
inteivals While gastric hunger contractions continued, intestinal activity was not 
affected by dextrose Twenty cubic centimeters of a 30 pei cent solution of dextrose 
had an even greater effect on gastric and intestinal activity In the intervals between 
intestinal contractions there were periods of complete rest These responses were 
observed in an animal with an intact sympathetic neivous system For an animal 
\Mth a denervated intestinal tract, a dose of 40 cc of a 40 per cent solution of 
dextiose was required befoie a distinct depression of the intestinal contractions 
could be noted The application of such observations to the routine care of patients 
postoperatively would seem to indicate that the depressing effect of anesthesia 
and pieoperative medication would be augmented and piolonged by the use of very 
hypertonic solutions of dextrose and that, as a rule, such solutions should be avoided 
In vitro confiimation of the effect of concentrated solutions of dextrose is to be 
found in the studies of Feldberg and Solandt These authors studied the effect 
of sugar and allied substances on the isolated small intestine and demonstrated the 
stimulating effect of optimal amounts of dextrose or certain other sugars on smooth 
muscle contraction of intestinal segments In the absence of dextrose, tonic and 
rhythmic activity gradually ceased, even aftei stimulation by acetylcholine and other 
cholmeigic drugs The addition of small amounts of dextrose to the immersion 
fluid had a stimulating effect on the longitudinal intestinal muscle, but large doses 
of dextrose, galactose and mannose produced immediate inhibition In this study 
differences in the excitability of circulai and longitudinal muscle are discussed in 
relation to geneial properties of smooth muscle contraction That the tonicity of 
solutions affects the motor activity of the intestine is further shown in the studies 
of Lignon,^" who studied variations in intraluminal jejunal pressure in dogs follow- 
~ « 

14 Chang, P Y, and Hsu, F Y The Chemical Excitability of the Isolated Rabbit Small 
Intestine, Quart J Exper Physiol 31 299, 1942 

15 Belenkov, N Yu Effect of Glucose on the Motor Activity of the Stomach and Intestines 
J Physiol USSR 30 704, 1941 

16 Feldberg, W, and Solandt, O M Effects of Sugar and Allied Substances on the 
Isolated Small Intestine of the Rabbit, J Physiol 101 137, 1942 

17 Lignon, E W, Jr Cathartic Salts on Motility of Thlr^ -Vella Jejunal Loops, Proc 
Soc Exper Biol & Med 52 282, 1943 
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mg the use of isotonic and hypertonic solutions of sodium chloride, sodium sulfate 
and magnesium sulfate Even with these cathartic salts, very hypertonic solutions 
( 5 times isotonicity) caused a temporary depression of motility with short periods of 
spasticity and nausea The late of contraction was unaffected by the agents 
employed Hazelton and Fortunate made an evaluation of the cathartic action 
of bile salts The threshold cathartic dose of bile salts compound for mice was 
determined, and one-half this dose was administered to these animals daily for a 
long period At various intervals the threshold cathartic dose was given to the 
treated animals and to a similar number of controls The lesults indicate that bile 
salts produce active catharsis in mice, that there is no tolerance oi accumulation 
and that an appreciable degree of increased susceptibility to the cathartic action 
of bile salts is produced by their daily administration This increased susceptibility 
IS specific, as evidenced by the fact that the daily administration of bile salts did not 
influence the threshold cathartic dose of senna A somewhat similar method was 
employed by Loewe and his associates m attempting to evaluate the influence of 
thiamine on laxative action The threshold cathartic dose of phenolphthalein was 
determined in experiments on monkeys, and subsequently thiamine was administered 
over a varying period in conjunction with this dose The experiments gave no 
support to the assumption of a synergistic influence of vitamin on laxatn e action 

Differentiation between nonpropulsive and propulsive motility in the ileum and 
colon forms the basis of further studies by Adler, Atkinson and Ivy On human 
subjects with an ileostomy or colostomy observations were made of both types of 
motor activity Intiamuscular administiation of morphine in ordinary clinical doses 
increased the tone and amplitude of the nonpropulsive type of rlij^hmic contractions 
of the segments of the distal portion of the ileum The propulsive activitj of the 
ileum was unifoimly decreased Dilaudid had a similar effect Morphine sulfate, 
in the same doses, usually increased the tone and amplitude of the nonpropulsive 
type of rhythmic contractions of the segments in the descending colon In 9 instances 
in which the colon was manifesting diarrhea the administration of morphine 
abolished the colostomy discharge by decreasing propulsive motoi activity and by 
reducing tone and segmentation Atropine produced a decrease in the total motility 
in the descending colon, with a uniform diminution of propulsive motility The 
use of this drug partially antagonized the effect of morphine, providing evidence 
that the combined use of these drugs in the treatment of severe gastiointestinal 
pain is logical Morphine sulfate delays the ileal and colonic passage of material in 
man primarily by interfering with or diminishing propulsive motility The authors 
suggest that morphine causes dyskinesia of the small and large intestine and that 
motor activity of adjacent segments of the bowel must be coordinated in order that 
effective propulsion may occur Further detailed studies on such coordination are 
to be found in a subsequent paper by Atkinson, Adler and Ivy Studies were made 
on human subjects by continuous records during seventy periods of at least one 
hundred and fifty minutes each The simultaneous injection of a solution of posterior 
pituitary, prostigmine methylsulfate and ergotamine tartrate was found to cause a 

18 Hazelton, L W , and Fortunate, F An Evaluation of the Cathartic Action of Bile 
Salts Following Acute and Chronic Administration to Mice, J Am Pharm A (Scient Ed ) 
31 60, 1942 

19 Loewe, S , Loewe, I, and Knox, R, Jr Thiamine Influence upon Laxative Action 
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20 Adler, 11 F , Atkinson, A J, and Ivy, A C Effect of Morphine and Dilaudid on 
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fiom the duodenum caudah\ard Since the uppei segments of the small intestine 
are more irritable than are the lower segments, it would seem that the duodenum 
and the upper portion of the jejunum are less readily inhibited and less readily kept 
under inhibition by a given stimulus than is the lower part of the ileum These 
experiments are of additional clinical inteiest inasmuch as they tend to reproduce 
the picture of intestinal obstruction which is occasionally seen in relation to sudden 
obstruction of some portion of the urinary tract 

A further consideration of the effects of anesthesia on intestinal motilit) is to be 
found 111 an article by Wakim and Mann,=^® who studied the combined results of ether 
anesthesia and exploratoiy laparotoni) Such a procedure abolished intestinal 
activity foi at least four houis, but in twenty-foui houis the activity of the intestine 
-was practically normal Section and anastomosis of the intestine abolished intestinal 
activity for about forty-eight hours, after which rhjthmic segmentation and 
peristalsis reappeared Feeding inhibited activity m the loop Avhen the site of section 
and anastomosis was pioximal to the loop under obser\ation After the sixth 
postoperative day the intestines resumed normal motor activity 

The mechanism of intestinal inhibition by cyclopropane anesthesia was studied 
hy Youmans and his associates,-' this anesthetic producing great diminution or 
complete abolition of the ihvthmic contractions of the dog’s intestine, even when 
the adrenal glands had been denervated and demedullated The inhibition was still 
present undei hyperventilation with the cyclopropane-oxygen mixture The authors 
conclude that the inhibition of intestinal motor actuity bj^ cyclopiopane is not 
dependent on the liberation of epinephrine from the adrenal medulla or on a low 
oxygen tension in the alveolai air The relationship bet^\ een such motor inhibition 
and postoperative distention is obvious, and the observations of Puestow on a 
human subject are of mteiest In his subject Puestow was able to observe several 
loops of the jejunum and the upper pait of the ileum, as well as the ascending colon, 
through a large heinial sac A definite lelationship was noted between the motilit) 
of the small intestine and that of the ascending colon, the lattei being inactive when 
the small bowel was contracting vigorously, and a ice versa The author was able to 
confirm the observation that opiates, ph} sostigmine, prostigmine methylsulfate and 
the choline derivatives, which stimulate motility of the small bowel, inhibit the 
colon, and that, conversely, solutions of posterioi pituitary and pitressin produce 
powerful contractions of the colon but dimmish motoi activity of the small bowel 
Confirmatory observations were made on 13 othei patients with portions of the 
bowel exposed to direct vision One important conclusion should be stressed, in 
the opinion of the leviewer — namely, that postopeiative distention may be due 
in large part to the paralyzing action of morphine on the colon It is entirely 
possible that the action of this drug, which is so universally used preoperatively and 
postoperatively, may be one of the most important factors in the distention and 
abdominal discomfort subsequent to a major abdominal operation and that its use 
might be appreciably curtailed with advantage to the patient 

The close relationship between the cerebral cortex and the motor action of the 
digestive tract is emphasized by the studies of Booligin,-® who investigated the move- 

26 Wakim, K G, and Mann, F C Effects of Some Intra-Abdominal Operative Pro- 
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ments of the fundic and pyloi ic regions of the stomach, of the duodenum, of various 
poitions of the alimentaiy tiact and of the paiotid glands The influence of the 
ceiebral coitex on gasti omtestinal motility is accomplished by shoil coitical impulses 
caused by sudden “conditioned stimuli” and piolonged coitical impulses caused by 
prolonged exposuie to “food sun oundmgs ” The effect of the short impulses 
appears to depend on the chai acter of the conditioned i eflex , that of the moi e 
prolonged stimulus, positive oi negative, on the section of the alimentaiy tract 
involved and on its functional state “Shoit” conditioned stimuli caused coitical 
stimuli initiating gasti ic and intestinal motility within a few seconds oi laiely aftei 
one td'thiee minutes and pioducing an effect lasting fiom thiity seconds to five 
minutes The authoi believes that by such means the coitex not only legulates 
motility of the stomach but adapts it lapidly to changing enviionmental conditions 

Sheehan has elaboiated eailiei studies on the relationship of the hypothalamus 
to the laige bowel He obtained lesults confirmatoiy of those of otheis, indicating 
that adequate hypothalamic stimulation, paiticularly m the lateial hypothalamic area, 
is followed by inhibition of peiistalsis m the laige bowel as well as m the intestine 
and stomach and that such effects aie moie maiked in the colon than elsewheie 
Theie are adequate giounds, he believes, for accepting the concept of a sympathetic 
center regulating gasti omtestinal activity and located in this aiea 

Studies on ceitain aspects of the inotoi innervation of the colon have received 
continued attention by Ivy and his collaboiators One senes of expeiiments has 
been undertaken to supply evidence on ceitain peitinent questions concerning the 
chemical mediatois of nerve impulses fiom vaiious neives to the colon, the region 
of the colon which responds to stimulation of a given neive, the pathway by which 
pelvic nerve impulses influence upper levels of the colon and the similaiity between 
colonic and vesical motoi activity following stimulation of the pelvic neives In 
expeiiments which weie earned out on dogs, pigs and monkeys, the authors come 
to the conclusion that the pelvic neives to the musculature of the colon aie cholin- 
ergic Electrical stimulation of the pelvic nerves causes longitudinal and ciicular 
- contraction of the descending and the distal poition of the colon These nerves 
influence uppei levels of the colon via nerve pathways located in the wall of the 
colon A dual contiactile and tonus mechanism m response to stimulation of the 
pelvic nerves does not exist m the colon, as has been claimed to exist m the uiinary 
bladder Electiical stimulation of the vagus nerve is ineffective m pioducing colonic 
motility m the dog Only inconstant cecal contractions were noted m the pig and 
m the monkey The hypogastiic neives to the musculatuie of the colon are 
adreneigic, and electrical stimulation usually causes a circulai conti action which 
IS confined to the distal portion of the colon The fibeis of the celiac loot of the 
mferioi mesenteric ganglion which act on the colon are adrenergic, and electrical 
stimulation of them usually causes a circulai conti action which is confined to the 
descending colon 

Studies on the concentration of acetylcholine m the alimentaiy tiact weie made 
by Bacq and Goffait The highest concentrations m dogs weie found m the uppei 
part of the jejunum, and the lowest concentrations, m the esophagus and m the colon 

30 Sheehan, D Relationship of the Hypothalamus to the Large Bowel, Am I Digest Dis 
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The mucosa always contains less acetylcholine than the muscularis There appeared 
to be no parallelism between the tissue concentration of vitamin Bj and that of 
acetylcholine 

The conclusion by several investigators that stimulation of the hypothalamic 
legion simultaneously regulates both sympathetic and parasympathetic divisions of 
the autonomic nervous system finds suppoit in the studies of Mautner and Yetwin 
and in those of Oppenheimer and his associates ’* The formei noted in lats that 
injections of metra^ol resulted in a cessation of gastric motility with an associated 
moderate inciease in secietoiy activity They felt that the effect on gastric motility 
could not be attiibuted to an increased outjiut of cpmephime but was probably due 
to a cential effect Bulbocapnine has been shown to stimulate both the sympathetic 
and the parasympathetic centeis Oppenheimei and his associates studied the effect 
of such stimulation in dogs by subcutaneous injection of bulbocapnine phosphate 
Sympathetic effects, as regaids intestinal motilitj, were the most important, and the 
amplitude of contraction was diminished In vagotomized dogs, loops of intestine 
just below the duodenum show'cd an inci cased amjihtudc of contraction after medica- 
tion but in the region of the ileocecal calve inhibition was noted In splanchnicec- 
tomized dogs, the vagus mechanism w'as activated in lespect to the amplitude of 
intestinal conti actions, except for the effect on the blood sugar levels, which were 
laised The drug did not change the late of intestinal cnnliactions The effect of 
cagotomy and of sympathectomy on the scnsilivit}' of intestinal smooth muscle to 
epmephiine w-as studied by Youmans, Karstens and Aumann Ihe only denerva- 
tion which produced extreme hypei sensitivity of the intestinal smooth muscle to 
epinephrine w'as that wdnch involved sectioning of axons passing to the intestine 
from cell bodies located in the pi caoi tic ganglions 

The piobaliiht} that both cholinergic and adrenergic effects ma} be noted simul- 
taneously, possibly owing to cential stimulation m the vicinity of the hypothalamic 
aieas, receives furthei confirmation fiom the observations by Milhoiat and his 
collaborators These authors carried out experiments in wdnch tliey subjected 
the intestines of i abbits to venous blood of patients showing anxiety or feai Unlike 
the effects of blood fiom normal controls, the specimens of blood taken during states 
of marked emotional disturbance caused definite changes in the motoi activit) of the 
intestinal muscle under study These effects weie not like the relatively simple 
lesponse observed with epmephiine or acetylcholine m similai expeiiments, but 
w'ere mixed in natuie, generally tending to lesemble those of cholinergic drugs 
An interesting finding w'as that blood taken from psychotic patients in quiescent 
periods showed none of the effects on motoi activity produced by blood taken from 
patients in an anxiety state The mechanism underlying the motor, secretory and 
vascular changes visualized by Wolf and Wolff, which have already been referred 
to, may thus receive some expeiimental confirmation 
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Emilsson found that the 1-isomeis of adrianol, corbasil and synephnne always 
inhibited the rabbit intestine, while the d-isomers inhibited in large doses and 
stimulated in small doses Other vaiiations m the optical isomers of these drugs 
are discussed The mechanism involved in the inhibition of intestinal motor activity 
IS in part elucidated by the influence of sympathicolytic agents, such as bee venom 
and ergotamine, on the action of epinephrine substitutes The same author noted 
that the action of epinephrine and similar drugs in inhibiting intestinal activity is 
momentary and is completely abolished by a sufficient dose of bee venom or 
ergotamine, whereas drugs like amphetamine, whose inhibiting action develops 
slowly, are not abolished b}^ such sympathicolytic agents Amphetamine and similai 
drugs must pioduce then effect by diiect muscular depiession and not through 
action on the sympathetic neive endings oi specific receptors, as does the first group 

Youmans and his associates studied the i elation of the extiinsic nerves of the 
intestine to the inhibitoiy action of atropine and scopolamine Atropine appears to 
exercise an inhibitory action on the tonus and rhythmic activity of the intestine 
independently of the extrinsic neives Its action is not reduced by vagotomy, and 
although sympathectomy lesults in an increased sensitivity of the intestine to the 
inhibitory action of the di ug, it seems that the action of atropine is probably accom- 
plished by a local action of the diug on the neuial or musculai elements of the 
intestinal wall, in that it rendei s smooth muscle unresponsive to acetylcholine, which 
IS being pioduced at a basal level in the intestine independently of the extrinsic 
nerves The actions of scopolamine weie indistinguishable fiom those of atropine 
Studies on isolated intestinal loops by Shaw indicate that the site of the depressant 
action of barbituiates on the intestine is in the postganglionic fibers and the muscle 
cells This depiessant action is abolished by physostigmine, theie being a lecipiocal 
antagonism between these two drugs 

Gernandt has investigated the biologic activity of the P substance obtained by 
alcoholic exti action of labbit or horse intestinal wall This substance causes a 
tiansitoiy fall in blood pressuie and consideiable use in intestinal motility In vivo 
prepaiations of the P substance applied either locally or intravenously in rabbits 
produce movements of the small intestine but not of the colon and increase intestinal 
peristalsis Another substance, indole, has been found by Garcia-Blanco and his 
associates to have an inhibitory action on the rhythmic movements of the isolated 
rabbit intestine With a 1 per cent concentration of indole such movements were 
suppressed, and when the substance was injected into the lumen of the intestine 
in a concentration of 0 017 per cent, movements ceased Substitution of a hydrogen 
ion by a methyl, acetic oi propionic i adical made the substance inactive 
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The mode of action of phenolphthalein has been studied by Bhck, Barardi and 
Wozasek^® Intravenous injection of this drug in dogs did not increase peiistaltic 
activity of tlie small intestine Activity of the large bowel was increased, but theie 
appeared to be no concomitant vagal action on the heart, a finding which would 
suppoit the view that the action of phenolphthalein is not due to general paiasyinpa- 
thetic stimulation Compaiison with other diugs which aic known to stimulate 
intestinal activity is of interest Phenolphthalein simulates the action of baiium on 
the intestine, the lattei, howevei, is much stronger in action on the muscle than is 
phenolphthalein and affects the heait muscle, whereas phenolphthalein does not 
Solution of posterioi piluitai>, vhen applied locally, acts on the intestinal musctila- 
tuie even moie maikedly than phenolphthalein Atropine, vhich inhibits the motoi 
neives of the intestine, does not stop the cathaitic action of phenolphthalein 
Physostigmme, which inci eases motoi activity apparentlj by vagal stimulation, also 
has an effect on the hcait rate It would appeal, therefoie, that phenolphthalein 
acts directly on the muscle rathci than on (he autonomic iieivc fibers 

y\n excellent stimmaiy of the impoiiant lecenl lilei aline concerning intestinal 
motility IS to be found in a rexiow by Ingclfingci,'^ who discusses some seventy-thi ec 
ai tides in adequate detail 

Scctcioiy Aspects — The mechanism of gastric secretion has lecened con- 
sideiable attention The physiologj'’ of the parietal cells, with special reference to the 
foimation of acid, is the subject of a discussion by Gray,^® who presents the existing 
ewdence bearing on the pioduction of gastric acid According to him this ei idence 
indicates that the parietal cells of the stomach secrete an isotonic solution containing 
chloiine, hydrogen and potassium ions The piocess of foimation of acid is indepen- 
dent of external souices of caibon dioxide Appioximatcly 1 5 laige caloiies of 
cneigy are lequned foi tlic pioduction of 1 litei of parietal seciction The energy 
for secietion is probably sujiplied by the oxidation of dextrose All the evidence 
discussed satisfies the requnements of the cat home anlndiase theory of acid forma- 
tion — namely, that the caibon dioxide foimed within the parietal cell by its metabolic 
activity IS conveiteci immediately into caiboiiic acid by the activity of the enzyme 
carbonic anhydrase The acid then ionizes, and the lesulting hydrogen ions are 
diverted into the parietal secietion At the same time the bicarbonate ions are sent 
into the blood in exchange foi an equivalent amount of chloride ions, which are then 
also divei ted into the secretion to complete the h) drochlonc acid Such a conception 
leceives confirmation from Davenpoit,'**' who states that the conclusion that the 
paiietal cells actually secrete isotonic hydrochloric acid should be accepted until over- 
whelming experimental evidence to the contiai)^ is obtained A detailed dis- 
cussion of the present knowledge of this intiicate subject is to be found m a second 
paper by the same authoi,"’’ and a furthei consideiation of the same problem, m 
which some additional points are mentioned is included in an article by Hollander 
The lattei i ecapitulates an extensive analysis of the literature and adds his own 


43 Bhck, P Barardi, J B , and Wozasek, O The Atode of the Laxative Action of 

Phenolphthalein, Am J Digest Dis 9 292, 1942 , i i 

44 Ingelfinger, F J The Modification of Intestinal Motihty by Drugs, New England 

J Med 229 114, 1943 , ^ ^ ^ . 

45 Gray, J S The Physiologj' of the Parietal Cell with Special Reference to the 

Formation of Acid, Gastroenterology 1 390, 1943 . , c 

46 Davenport, H W The Secretion of Water as a Component of Gastric Acid Secretion 

Am J Digest Dis 9 416, 1942 , t , 

47 Davenport, H W The Secretion of Acid by the Gastric Mucosa, Gastroenterologi 

48’ Hollander, F The Chemistry and Mechanics of Hydrochloric Acid Formation in the 

Stomach, Gastroenterology 1 401, 1943 



JONES— GASTROENTEROLOGY 


65 


observations and experiments The essential characteristic of parietal secretion 
IS that It IS an isotonic, or slightly hypertonic, solution of hydrochloric acid, which 
may contain hydrobromic acid and hydriodic acid when their salts are present in 
the blood stream, but nothing else The immediate source of chlorine lies in the 
neutial chlorides of the blood and lymph The entire process of hydrochloric acid 
foimation, staiting with the blood chloride and ending with the ejection of acid into 
the gastric cavity, requires less than one minute The hydiochloric acid is formed 
by hydrolysis of the neutral chlorides of the cytoplasm, the residual alkali being 
neutiahzed immediately by the intracellular buffers Isotomcity is attained 
coincident with the transference of water and hydrochloric acid into the lumen of 
the gland Thus the formation of the parietal secretion constitutes a “steady state” 
in which the concentrations of water and hydiochloric acid as they pass out of the 
cells aie in a fixed ratio Apparently the parietal cells are indefatigable as long as 
an adequate supply of water and chlorides is maintained The process involves 
chemical, osmotic, electrical and mechanical work, but as yet there is no explanation 
for the mechanism by which the energy for such work is provided 

Epshtein^^ studied the changes and the chemical composition of the gastric 
juice caused by the administration of bromides The administration of sodium 
inomide produced an increase in gastric secretion, an inciease in the total and free 
acidity and an increase m the total content of the halogens, with a certain rise 
in the amount of liberated potassium, the concentration of which is greater in the 
moie acid juices If the gastric secretion is considered as a phenomenon of mem- 
biane equilibrium of the type of “steady state,” it follows that the increase in the 
secretion is accompanied with a rise in the acidity of the gastric juice and in the 
content of precisely those elements which possess a greater mobility (potassium 
versus sodium, and biomide versus chlorine) 

A somewhat new conception of gastric contents is presented by Cope, Cohn 
and Brenizei These authors studied the absorption of radioactive sodium and 
heavy watei from pouches of the body and antrum of the dog’s stomach Radio- 
active sodium IS absorbed in small but significant quantities from the body or acid- 
secreting areas Two or three times as much is absorbed when the mucosa is 
1 esting as when it is in a secreting state The gastric antrum absorbs one hundred 
times as much as the acid-secreting body Variations in the osmotic pressure 
of the sodium solutions and m electrolyte concentrations in the blood serum would 
have no significant effect on the rate of absorption of the sodium Observations on 
the absorption of heavy water (DoO) indicated that there was no significant 
difference in the rate of absorption between the body and the antral pouches, half 
of the heavy water being absorbed in approximately twenty minutes The authors 
conclude that the conception that the fluid in an isolated pouch of the stomach 
lepiesents secretion is obsolete and that the antrum plays a preponderant role in 
any obseived absorption from the whole stomach On the assumption that the 
gastiic membrane handles heavy water as it does ordinary water, the authors 
conclude that there is a rapid exchange of the latter between the gastric contents 
and the body fluids , such an exchange would provide a major reason for isotomcity 
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The great factor of safety in the blood supply of the stomach is exemplified 
by the experiments reported by Babkin, Aimour and Webster Ligation of most 
of the gastric arteries affected the secietory function of the stomach little, except 
that some tiansient diminution of the volume of gastric secretion was evoked 
by sham feeding oi by subcutaneous administration of histamine Similar effects 
weie noted in relation to the secietion of pepsin The acidity and the total chloride 
concentiation of the gastric juice remained unchanged after partial or almost total 
devasculai ization of the stomach, and such arterial ligation never led to the forma- 
tion of peptic ulcer or even of mucosal eiosions Confirmation of these findings is 
to be seen in similar studies by Layne and Beigh,®- who found that ligation of 
two 01 thiee of the large arteries supplying the stomach produced no significant 
alteration of acid gastiic secretion in the dog and did not change the appearance 
of the gastric mucosa as viewed through the gastroscope When the four large 
arteries of the stomach were ligated, the animals died within six to thirty-six houis, 
as a result of necrotizing lesions Such observations demonstrate the existence of 
free and liberal anastomosis between the gastiic, esophageal and phrenic arteries and 
indicate the safety wnth wdiicli ligation, within reason, may be practiced in surgical 
operations 

The obsen^ations of Hoelzcl on himself suggest a relationship between the 
hydiation of the body and gastric acidity With a diet high in protein and fat 
and low m carbohydrate and calories, the gastric secretion of hydrochloric acid W'as 
definitely i educed With such a diet, as the weight of the individual fell, so did the 
gastric acidity With increased calories taken as carbohydrate, the body w^eight 
rose, and hydration increased, as is well known, and wnth it the gastric acidity 
Such a finding may bear on the statement by Hollandei, alieady alluded to, that 
the secretion of parietal cells is maintained as long as an adequate supply of watei 
and chloiides is present 

One of the most piovocative contributions to the phj'-siology of gastric secretion 
IS that by Stefko, Audi us and Lord These authors report the effects of jejunal 
transplants into the w^all of the stomach on the fiee and combined acidity of the 
gastric secretion and the pu of the various parts of the mucosa of the stomach 
The results of this piocedure on gastric secretion consisted in a reversal of the 
noimal i espouse to histamine in most of the experimental animals The fasting pn 
showed little change but the pn level aftei administration of histamine was con- 
siderably elevated after the implantation of the jejunal segment The effect on the 
gastric analysis was similar, the aA'^erage fi ee and combined acidities during fasting 
being diminished after transplantation, and this deciease w^as accentuated by his- 
tamine These changes occuired within foity-five minutes after the transplantation 
and peisisted foi at least foui months In 2 animals (dogs) the transplant w^as 
lesected later and subsequent testing with histamine revealed normal reactions It 
was found that transplants fiom the ileum and the colon w’^ere without effect as 
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regards any influence on the pn of the gastric mucosa after injection of histamine 
On the other hand, with both duodenal and jejunal grafts, the ps. oi the mucosa 
rose after the administration of histamine, the jejunal grafts being somewhat more 
effective Such experimental findings are of the utmost importance, and the 
implication is clear It is obvious that the depression of gastric secretion was 
evoked by some hormonal stimulation rather than by the actual amount of neutraliz- 
ing substance secieted by the transplant Whether this effect was through some 
medium such as enterogastrone remains to be determined, but the findings are of 
extreme significance inasmuch as they suggest an entirely new and apparently 
physiologic approach to the treatment of peptic ulcer Jejunal transplants in 
human patients with ulcer have already been performed as a result of these experi- 
ments, but sufficient time has not elapsed to warrant conclusions as to the validity 
of such a surgical procedure 

Further evidence of the hypothetic gastric secretory hormone, gastrin, is to be 
found in reports by Komarov An apparently specific secretagogue can be 
consistently extracted from the pyloric mucosa of the dog and of the hog by methods 
previously described The pyloric extracts were so purified that they stimulated 
a secretion of highly acid gastric juice virtually devoid of peptic power but had 
no effect on pancreatic or biliary secretion, did not influence blood pressure, had 
no toxic effects and weie free from histamine The lesults were not abolished by 
atropine, vagotomy or splanchmcectomy 

Scott, Moe, and Brunschwig°“ have made further studies on the piopeities of 
the gastric secretory depressant found in gastric juice In patients with achlor- 
hydria, gastric cancer or pernicious anemia this factor is present in relatively high 
concentration It is contained in the flocculent precipitate obtained by the addition 
of four volumes of absolute alcohol to neutralized gastric juice Investigation 
has shown that the method used for extraction of the gastric secretory-depressant 
factor from urine (urogastrone) does not extract the gastric secretory depiessant 
from an alcohol precipitate of human gastric juice, hence these two factors are not 
identical Urogastrone has been further studied by Schiffrm and Gray m 
enterectomized dogs, in order to obtain further evidence that it is not identical 
with enterogastrone Their experiments were carried out in animals in which 
the entire small intestine, from the pylorus to the ileocecal sphincter, was removed, 
together with excision of the body of the pancreas and ligation of the common 
duct Urogastrone effectively inhibited the volume of gastric secretion and the 
output of free acid Similar results were obtained m dogs with vagotomized 
total gastric pouches No evidence was obtained that urogastione inhibits gastric 
secretion through the liberation of enterogastrone 

Attempts to deteimine the relationship of the neurohypophysis to gastric secre- 
tion were made by Gross and his collaborators Section of the pituitaiy stalk 
in dogs resulted m a high degree of polyuria but no alteration in the acidity of the 
gastric juice The injection of pitressm tannate into dogs with normal gastric 
pouches produced no alteration in either volume or acidity 
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The multiplicity of factors entering into the various phases of gastric digestion 
alone is indicated in the detailed studies of Ohlsen on the distribution of enzymes 
in various parts of the gastric mucosa, as studied by histochemical methods 
Diaminopeptidase and aminopolypeptidase are distributed independently of each 
othei in the pyloric and fundic mucosa The former is predominant in the region 
of the pit epithelium and the neck of the chief cells, while the latter is found pre- 
dominantly 111 the chief cells of the fundus Pepsin is the characteristic enzyme to be 
found m the fundus and follows the distribution of the chief cells Dipeptidase, 
aminopolypeptidase and prohnpeptidase almost alone characterize the pyloric 
mucosa, and in man abundant urease occurs in the surface mucosa in the region 
of the pylorus 

It IS now geneially accepted that pepsin and rennin are distinct and different 
enzymes, and the impression is that they are both present in gastric juice Doth 
and Kleiner,'’® by ingenious experiments on human beings, have arrived at the 
conclusion that no rennin is present in the gastiic juice of human adults 

Various factors influencing gastric secretion have been further studied For 
example, Pincus and his associates conclude that the introduction of acid into the 
duodenum inhibits gastric secietion only if a threshold level of duodenal />h (approxi- 
mate!) 2 5) IS attained, and that the extent of depression of gastric secietion is depen- 
dent on the level of pn produced One might well ask \\ hethei such changes in the 
duodenal pn coincide with the pioduction of enterogasti one Bantin'*- noted a 
temporal y secretory alteiation in gastiic activity follow mg ligation of the ductus 
choledochus that accompanied the inhibition of gastric motility already alluded to 
A few days after the tying of the duct, the quantity of the gastric juice increased, 
together with the hydrochloiic acid content and the digestive powei of the gastric 
juice This temporary mciease w'as follow'ed by depression of the quantity, quality 
and effectiveness of the gastric juices 

The secietion of acid by the stomach is greatly inci eased by the subcutaneous 
injection of benzyhmidazohne (priscol) Thiele®® notes that the subcutaneous 
injection of this pieparatioii is follow'^ed by a more constant and satisfactory result 
than the ordinary test meal or the use of caffeine products, but that it is apparently 
somewhat infenoi to histamine Unlike histamine, how^ever, it causes no disturbing 
side leactions and can be given in several successive 10 mg doses 

In addition to its effect on motor activity, the effect on gastiic secretion of 
the histamine antagonist thymoxyethyldiethylamine (929 F) has been obsen’’ed 
Bouique and Loew earned out experimental studies on this preparation, as well 
as on a similar histamine antagonist, N-phenyl-N-ethyl, N'-dietlij-lethylenediamme 
(1571 F), using as stimulants to secretion histamine, pilocarpine and food The 
data from these studies on dogs with gastric pouches did not support the belief 
that 1571 F is a specific antagonist to histamine, and although the drug reduces 
gastric secretion following stimulation with histamine in dogs with gastric pouches, 
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the reduction m secretion was nearly identical after stimulation with pilocaipine 
This drug did not modify gastric secretion in dogs with gastric pouches stimu- 
lated with food Pretreatment with 929 F failed significantly to modify the secre- 
tion from gastric pouches in dogs given injections of pilocaipine 

Injections of “prolan” into dogs decreased the secretion of the stomach juice after 
a standard meal, according to Eidmova The depression was most manifest on the 
fourth and fifth days after administration of the drug Parrot found that in dogs 
epinephrine markedly activates gastric secretion Under the influence of diverse 
sympatholytic agents, such as yohimbine and ergotamme, the volume of secretion is 
increased 30 to 150 per cent compared with control levels Activation of this 
secretion is inhibited by atropine The question whether histamine and acetyl- 
choline are brought into play after injection of epinephrine was studied The 
secretion following injection of histamine differs from that produced by epinephime 
in that latency time is shorter, the juice is less iich in nitrogenous substances and 
the secretion is not abolished by atropine 

According to Stavraky,®^ mecholyl causes a secretion of alkaline mucus from 
the pyloric poition of the stomach simultaneously with the secretion of acid and 
pepsin from the fundic pouch From the whole stomach, fiactionated injections of 
mecholyl cause abundant secietion of acid, whereas single doses of mecholyl cause 
only a scanty secretion of gastric juice of low acidity The concentration of pepsin in 
the gastric juice is high as long as the secietion is acid in reaction The concentra- 
tion of pepsin IS independent of the volume of secretion or of the mode of adminis- 
tration of mecholyl, but is directly related to the amount of mecholyl given Preceding 
administrations of mecholyl also raise the concentration of pepsin in the gastric 
juice evoked by stimulation of the vagi 

Because of diffeiences of opinion concerning the secietion of gastric juice during 
the interdigestion period. Hears made observations on a group of approximately 
normal persons and on a group of patients with ulcer Gastric secretion during 
the night was obseived by means of inlying nasal tubes Duiing control periods 
mean values indicated that the secietory late and the volume of secretion of free 
and of total acid were higher for the group with ulcer than for the control group 
This, of course, conforms with the usual conception of gastric secretion in patients 
with ulcer Atropine diminished the volume of secretion as well as the free and total 
acidity in both the normal group and the patients with ulcer It is interesting to 
note that the decrease in these values was more pronounced in the group with ulcer 

Inhibition of peptic activity was studied by Shoch and Fogelson These 
authors demonstrated that mucin, magnesium trisilicate and aluminum hydroxide 
inhibited the peptic activity of gastric juice by decreasing the acidity, the amount 
of inhibition being directly related to changes in pn Sodium lauryl sulfate com- 
pletely inhibited peptic activity, regardless of pH, through its protein-denaturing 
action The use of this substance (as Dreft) has been somewhat too widely 
publicized, but the inactivation of gastric pepsin by detergents should be thoroughly 
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investigated in man because of the possible application of such a principle to the 
therapy of ulcei 

The effectiveness of leplacement theiap)’’ for achlorhydria has long occasioned 
seiious doubts The actual amount of any acid necessary to bring the pn of the 
gastiic contents following a noimal meal to physiologic range {pn 1 6 to 18) 
oi for peptic activation (below pn 2 0) is of such magnitude that practical aspects 
pieclude its administiation Koehlei and Wmdsoi ha\e carried out in vitro 
expel iments with a noimal meal, lalhei than an E^\ald lest meal, and arrne at this 
conclusion For achlorhydric patients ingesting a noimal meal, the amount of 
U S P hydiochloiic acid needed to bung about optimum pn values would be 
appi oximately 35 cc Even twenty 420 mg capsules of glutamic acid hydro- 
chloiide with a meal would fail to produce normal actnity or to activate pepsin 
If such findings are coiiect, it is obvious that the administration of hydiochloric 
acid thei apeutically to patients wnth achlorhjdiia must have some other effect 
than that of acidifying gastiic contents oi activating pepsin 

\nacidity has little oi no effect on the absorption of ascoibic acid, as shown 
by Cheinya The uimaiy excietion of vitamin C m anacid patients coi responds 
to that m patients wnth normal secretions, and it would appeal that the dail} 
lequiiement of vitamin C in anacidity is about the same as that in other gastric 
diseases oi in the noimal state That this is tiue is indicated by the repoit of 
Achaikan and Boimskaya,"- who studied the maintenance of ascorbic acid satura- 
tion in patients with ulcei These investigatoi s found that no larger amounts 
weie lequiied to maintain saturation than m normal peisons, and they noted at 
the same tune that the amount of ascorbic acid m the gastric juice increases 
coi 1 espondingly to the increase of its concentration m the blood 

The measurement in situ of the pn of the antral and pyloric poitions of the 
stomach and the duodenum has been done b}' means of a special intragastiic elec- 
trode Breuhaus and Eyeily"^ have pieviously contrasted m situ pn values with 
those obtained by aspnation and found that marked differences weie not uncommon 
The present investigation was aimed at a compaiison of the in situ pn values of 
the antrum of the stomach, pyloius and duodenum of normal subjects wuth those 
of patients wnth duodenal ulcer and achlorhydria Normal persons and patients 
with ulcer had essentially the same fasting gastiic pn values and stimulation with 
histamine pioduced a lower gastric pn m noimal subjects than m patients with ulcei 
The alternation of administration of an antacid with milk and cream feedings 
laised the pn of the stomach, pylorus and duodenum more than half-hour feedings 
alone In patients with achylia, the gastric reaction was mildly acid Milk and 
cream feedings or a combination of such feedings with administration of antacids 
lowered the gastric and duodenal pn of patients with pernicious anemia below^ that 
found in the fasting state The duodenal leactions of normal persons and of 
patients with ulcei and with achylia tended to lemain mildly acid On the basis 
of these studies, the authors attempt to invoke an acid mechanism other than 
that of the secretion of hydrochloric acid, but it is quite possible that careful 
electrolyte studies of the gastiic contents would not confirm their suggestion 
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that acid other than hydrochloric acid influences the pn of the uppei part of the 
gasti ointestmal tract 

Studies of gastric secretion in the newborn infant are of some interest 
Ritter shows that the stomach of the newborn infant exhibits a high secretory 
capacity, with figures that suggest hypersecretion, as judged by adult standards 
An appreciable number of infants in his study showed a lack of free hydrochloric 
acid, which he thinks may be a significant factor in the development of anemia and 
iickets in infants, in spite of an adequate intake of iron, calcium and vitamin C 
Miller earned out studies on secretion of gastric acid during the first year of life, 
and his studies confirmed Cutter’s results, that there is a rapid increase in gastric 
acidity during the first year of life Without histamine, he showed that theie 
IS a lapid inciease in the concentration of gastric hydrochloric acid during the 
first twelve months, with a probable increase in volume, and at the end of this 
peiiod the reaction of the stomach to a test meal closely resembles that of an 
adult Accompanying the development of the digestive powei of the stomach, 
there is a diminution in the number of achlorhydric infants 

Methods for studying digestive activity in the intestinal tract are time con- 
suming and as a lule permit only approximate results Studies by Berger and 
Oppenheim on the drainage output from the human duodenum indicate that 
effective duodenal drainage can be achieved without the use of an obstructing 
balloon This was accomplished by providing optimum suction, which permitted 
the removal of practically all of the secretion Simultaneous drainage of the 
duodenum and jejunum under these conditions showed that the escape of fluid 
during an adequate duodenal drainage was negligible (0 to 4 per cent) Employ- 
ment of this technic, if successful, would simplify the study of the collection of 
duodenal contents but would not preclude its dilution by gastric juice 

An ingenious method of determining the digestive activity in any poition of the 
human digestive tract is presented by Elsom and his associates The food sub- 
stance to be digested is placed in a fenestrated metal cylinder that is housed in 
an outer cylinder which protects the contained material from the digestive tissues 
The apparatus is introduced to any desired level of the digestive tract by intubation, 
and when desiied the fenestrated cylinder is partially ejected from its housing by 
ail pressuie, the test substance thus being exposed to the intestinal juice The 
amount of material lost by digestion in a measured period is determined chemically 
A few illustrative results are given in the article, but the value of the method 
foi studying digestive piocesses in various diseases awaits application 

The piesence of alkaline phosphatase m the small intestine has been recognized 
for many yeais, but little attention has been paid to the phosphatase activity 
of the intestinal secretions This particular phase of intestinal secretion was 
studied by Kosman and his associates’® at various levels of the intestinal tract 
The results of the studies indicated that the phosphatase activity of the duodenal, 
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jejunal and ileal contents obtained from enterostomized dogs after various test 
meals showed the greatest activity aftei protein and fat meals and the least aftei 
a carbohydrate meal Large quantities of phosphatase weie obtained in the secre- 
tions of isolated intestinal loops The degree of activity of various segments of 
the intestinal tract was diminished fiom above downward, the duodenum and 
jejunum containing the gieatest concentration of phosphatase in the secretions and 
the colon the least The distiibution of alkaline phosphatase in the different parts 
of the alimentary tiact, as shown by tissue stains, was studied by Bourne,"® vhose 
findings agree with the lesults obtained b}' other workers In relation to the 
phenomenon of phosphorylation, he points out the impoitant fact that the presence 
of phosphatase m the biush bordcis of cells in those paits of the ahmentaiy tract 
where most active absoiption can take place, i e, the duodenum jejunum and 
rectum, is in paitial contrast to the absence of a reaction in the epithelial cells in 
those parts of the tract w'hich are not impoitant centers of absorption, i e, the 
stomach and colon 

Absorptive Aspects — Ihc complex phenomenon of absorption fiom the gastio- 
intestmal tract still includes many unexplained processes Phosphoiylation lemains 
somewhat of a hypothesis, but continued studies contribute to its further elucidation 
lodoacetic acid, wduch prevents phosphorylation, has been repoited to dimmish 
absoiption of the three hexoses, dextrose, fructose and galactose Since lodoacetic 
acid is toxic, conclusions from such expeiiments have doubtful value By the use 
of phlorhizin, more lehable deductions aie possible, and studies on the organic 
phosphate and “fructose” in the lat intestinal mucosa as affected by dextrose and 
phlorhizin have been made b}^ Beck®“ Inci eases m nonpyrophosphate organic 
phosphorus in compounds reacting like fiuctose were much smallei in rats fed 
dextrose and phlorhizin than in rats fed dextrose only No significant difference 
was found in pyrophosphate organic jihosphate, and such a finding supports the 
position that active absorption of dcxtiose, fructose and galactose proceeds through 
phosphorylation 

Bellini and Cera studied the behavior of the glycerophosphatases of the 
intestine duiing intestinal resorption of glycerophosphate The glycei ophosphatase 
content of the intestinal mucous membrane of fasting rats w^as determined, aftei 
which sodium glycerophosphate was injected into a section of the intestine which 
was tied off toward the stomach Foui hours after the injection the glycei o- 
phosphatase content of the intestinal mucous membiane had been reduced about 
40 per cent, while at the same time the injected ester w^as hydrolyzed The rate of 
absorption of dextrose from the intestine w’as studied in rats by Pauls and Diuri 
in the presence of diabetes Depancreatized rats were used Under such condi- 
tions, even on a high carbohydrate diet, the animals lost large amounts of dextrose 
daily in the urine and consumed correspondingly large amounts of food The 
diabetic rats appeared to store sugar with difficulty and on a high carbohydiate 
diet consumed large amounts of sugar Even assuming that the intestinal absoip- 
tion of dextrose proceeded at the same rate throughout the day and night, the 
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absorption coefficients weie extremely high, indicating that the absoiption mecha- 
nism of the intestinal tract under these circumstances operates efficiently 

The absorption of fat from the gastrointestinal tract was studied by Rekers, 
Abels and Rhoads The subjects studied included 2 normal peisons and 1 patient 
with gastric cancel, 1 with a total gastrectomy, 1 with generalized atrophic gas- 
tritis and 2 with hepatic cirrhosis An abnormal absorption of fat was demon- 
strated only in the gasti ectomized patients and in the patient with ati ophic gastritis 
This IS of interest as indicating that hepatic dysfunction appaiently plays no con- 
stant significant role in the absorption of gasti ointestmal fat Fluoioscopic studies 
proved that increased intestinal motility was not a causative factor for the steatoi- 
ihea The authois consider the possibility that the proper absorption of lipids is 
influenced by the presence of a normal functioning gastric mucosa, since both the 
patient with severe gastric atrophy and the one entirely lacking a stomach suffered 
from a deci eased efficiency of fat absorption 

An attempt to illustrate absorption of fat is to be found in the experiments 
of van Weel,®^ who determined the distribution of dipeptidase and maltase in 
the small intestine by the use of histochemical niicromethods The distiibution 
of dipeptidase indicated that a synthesis of this enzyme might occur in the cells 
of Paneth Compaiison of the lesults on enzymes in the duodenum and ileum in 
the small intestine of rats indicates a concentration of maltase in the crypts of 
Lieberkuhn and secietion of the enzyme by the secietory cells The author 
explains the resorption of fats by a splitting of the larger molecules into small 
particles and a resyn thesis of the specific fats in the cells 

The interrelation of calcium and fat utilization in the growing lat was studied 
by Flench Balance expeiiments weie conducted on young male lats, and with 
adequate synthetic diets the utilization of calcium decreased model ately and con- 
sistently in the oi der of the increasing fat content of the diets from 5 to 28 per cent 
and decreased consideiably for the 45 pei cent fat diet The intestinal contents 
were more acid with the 5 per cent fat diet than with those richer m fat The 
most efficient utilization of calcium accompanied the most acid leaction At least 
two factois seemed to be involved in the physiologic relationship between fat and 
calcium utilization (1) the acidity of the intestinal tract and (2) the formation 
of leadily absorbable bile-fatty acid-calcium complexes 

By means of a pei fusion method, Niimoto determined the absorption of 
water in the ileum, ascending colon and lectum of rabbits, using 15 cm lengths of 
intestine The absorption averaged 11 5 cc per hour in the ileum, 15 6 cc per 
lioui in the ascending colon and only 44 cc per houi in the rectum Various 
. solutions of sodium chloride, sodium sulfate and magnesium sulfate showed no 
essential diffeiences in their effects on water absorption, which depended essen- 
tially on the tonicity of the solutions According to the degree of absorption of 
water by the small intestine, solutions of these salts can be arranged in the following 
decreasing oidei sodium chloride, sodium sulfate and magnesium sulfate 
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Nicolai found in earlier experiments that the absorption of phenol from the 
isolated jejunum of the lat showed a break m the time curve of the amount 
absorbed , i e , at a certain point the amount of phenol in the intestine underwent 
a transitoiy inciease instead of a decrease This was interpreted as a protective 
function through which the poison was removed, even though only momentarily, 
from the body In new experiments on animals whose jejunums had been irri- 
tated by the administration of castor oil and croton oil, this break m the curve 
was no longei evident, a finding that suggested a lowered protective function of 
the intestinal wall in the piesence of an inflammatory process Somewhat similar 
observations on the storage of indole in the intestinal wall following its absoiption 
showed that in noimal animals and in animals with an experimental fresh enteritis 
the initial storage of indole was about identical The concentration m the intestinal 
wall, howevei, fell rather rapidly, reaching a zero value at the end of forty-five 
minutes, as compaied with a constant value during sixty minutes in the normal 
animals In a more chronic form of intestinal irritation, the amount stored in the 
intestinal wall reached a much lower initial level than in the normal animals or in 
those with a rathei acute foim of intestinal irritation and fell to zero within thiih 
nunptes 

Dille and Whatmoi e report data on the absorption of lanatoside C from the 
gastrointestinal tiact of cats, comparing it with the absorption of tincture of 
digitalis Lanatoside C is a crystalline glucoside isolated in mechanically pure 
form from digitalis lanata The gieatest absorption of lanatoside C and of tincture 
of digitalis U S P XI takes place in the intestine, but quantities are also absorbed 
from the colon and stomach The crystalline glucoside is absorbed moie rapidly 
fiom the intestine than the tincture of digitalis The studies show that partial 
destruction or inactivation of both substances takes place m the lumen of the 
gastrointestinal tract Peteison and Finland®® determined the absoiption and 
excretion of a single dose of a sulfonamide drug in noimal human subjects after 
01 al and duodenal administiation, and in addition, the effects of a meal, of the 
simultaneous administiation of sodium bicaibonate and of the administration of a 
sulfonamide compound in the foim of the sodium salt A 5 Gm dose of sulfanil- 
amide, sulfapyiidine, sulfathiazole oi sulfadiazine was used The fluid intake was 
kept at a constant level It was found that sulfanilamide was absorbed rapidly 
and completely when given orally oi into the duodenum Food delayed absorp- 
tion but did not dimmish the amount excreted in the mine Sulfapyiidine, sulfathia- 
zole and sulfadiazine were poorly absorbed from the duodenum, and sulfadiazine 
was absorbed more slowly when given aftei a meal than when given during fasting 
Alkali appeared to increase the amount of the drug absorbed when given with 
sulfadiazine after a meal Sodium bicarbonate hastens the absorption of sulfa- 
diazine when given during fasting but does not increase the amount absorbed, and 
sodium sulfadiazine is rapidly absorbed from the duodenum or after oral adminis- 
tration in a fasting subject, but absorption is delayed and less complete if it is 
given after a meal 
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Factors aSecting the absorption of sodium dl-mandelate from the mtestine of 
cats ViOre studied by Garr^’’ and Smith From the small intestme and from the 
colon in decerebrated cats, there -uas slight but unequivocal preferential absorp- 
tion of the laevo form of mandehc acid Such preferential absorbing power v/as 
not shovm durmg ether or chloroform anesthesia "uas absent irom intestines 
kept alive in vitro and did not survive in the intestines of cats recently killed 
The selective absorbing power seemed to be associated with the integnty of the 
intestinal epithehum 

The selective absorption of botulinum toxin was studied b)* Dack and Hoskms 
,-\mounts of botuhnum toxm t}-pe A vrhich were lethal vrhen fed to 2 monkeys 
V ere vathout effect v.'hen injected mto the colons of ^ others In a second experi- 
ment. large doses of toxin were injected into the colons of 3 sundving monk^-s 
and botulism der^eloped in only 1 The fourth sumvmg monkey served as a 
control and was given toxin orall}’- It shovred symptoms of botuhsm within 
twenty-four hours A discussion of these results is given concerning the relation 
of the permeabihty of the colon to toxm and the delayed s^'mptoms sometimes 
occurnng m patients with botulism. 

Studies on the absorption of various iron preparations is to be found in a 
report by Labarre^- Iron apparently is absorbed by the capillary vessels of the 
mtestinal mucosa, not by the lianphatics It was found that better absoiption of 
iron is obtained follow ing the use of phosphogluconate of iron than from ferrous 
sulfate, pdls of ferrous carbonate or iron and ammonium citrates The greater 
absorption of this iron salt is due to the fact that it is veiy soluble m water, that it 
IS combmed in a bivalent state, and that a 2 per cent solution of the salt has a ps of 
62 which corresponds to the ps. of the duodenum where most absorbable iron 
passes into arculation 

^ CLINICAL ASPECTS 

Thoracic Pain and Distvrbances m the Upper Part of the Digestive Tract — ^The 
interpretation of pain ansing from gastrointestinal lesions is sufhaently difficult 
to vrarrant attention to any articles contnbutmg further light on the medianism of 
its production and the course of its transmission Harnson^® discusses puzzLng 
aspects of pain in the chest and descnbes in particular certain gastromtestmal 
conditions which maj be sources of diagnostic error The occasional occurrence 
of thoracic pain secondar}* to duodenal ulcer is illustrated by careful histones This 
IS a rather unusual manifestation, and Harnson emphasizes the diagnostic impor- 
tance of the Circumstances under which pain occurs, as well as the actual location 
•■vhere the pain is perceived He mentions thoracic pam due to cascade stomach, 
V hich may produce an abnormal degree of spasm betwreen the cardia and the bod}' 
of the stomach, and in addition ates instances of angina-like pain secondar}' to 
dit erticulum of the stomach With the latter there seems to be no relation to 
effort but a definite relation to meals, and the clinical picture is not unlike that 
associated with esophageal hiatus hernia 

Al% arez ates one of the important points made by "Wolf and W’olff m regard 
to the production of gastric pain Pain resulted from distention of the coats of 
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the stomach or from the force of an unusually vigorous gastiic contraction Neither 
the threshold nor the intensity of the pain experienced was altered by varying the 
area of gastric wall stimulated Pricking or pinching the mucosa or application 
of strong faradic stimuli or strong acid failed to cause pain, unless at the time 
the gastric mucous membiane was congested and edematous The latter point in 
particulai is of extreme importance and, as Alvarez points out, agrees with observa- 
tions made years ago by Ivy It may well explain why ulcers are sometimes 
painful and at other times not 

A partial anatomic explanation for the unusual distribution of pain arising 
from gastric stimulation may be found m the studies of Balchum and Weaver 
It IS now generally recognized that esophageal or gastric pain may at times simulate 
that of angina pectoiis, even to its radiation down the arm Although the experi- 
ments of these investigators were perfoimed on dogs and aie therefore subject to 
a ceitam amount of skepticism, it is of extreme interest that objective signs of 
pain following distention of the stomach were show n to be independent of the i agus 
and phrenic nerves and of the anterioi roots of the thoracic and lumbar spinal 
nerves Evidence is presented which indicates that some of the visceral afteient 
fibers involved in the mediation of pain that follows distention of the stomach are 
contained within the greater splanchnic neive These fibers traverse the rami 
commumcantes of the eighth thiough the thirteenth thoracic spinal nerve, entering 
the spinal coid through the corresponding posterior roots Some of these fibeis 
seem to traverse the s) mpathetic trunk as far cephalad as the fourth thoracic If 
these findings are correct and aie applicable to human beings, such an anatomic 
distribution would go far toward explaining the anginal distnbution of gastric and 
esophageal pain 

A careful discussion of the differential diagnosis of angina pectoris, with special 
reference to esophageal spasm and coronary occlusion, is contained in an article 
by Wolferth and Edeiken ““ The authors divide the differential diagnosis of angina 
pectoris into two parts differentiation from seizures of noncaidiac origin and dif- 
ferentiation from acute coronary occlusion ^ In their opinion, esophageal spasm 
IS of majoi clinical importance They state that with “anginal” pain due to 
esophageal spasm theie is a history of difficulty in swallowing during an attack 
and glyceryl trinitrate fails to relieve the pain, which may respond to antispasmodics 
sedatives and psychotherapy The electrocardiogram is not altered during attacks 
There are many who would disagree with the statement that glyceryl trinitrate 
does not relieve esophageal spasm and pain resulting theiefrom, but it is true that 
as a rule a careful history will differentiate between the substernal pain due to 
coronary heart disease and that due to esophageal or gastric disorders In this 
connection, it is proper to refer to an article by Levy and Boas,®" who present 
for consideration angina pectoris and the syndrome of peptic ulcei These authors 
point out that the symptoms of peptic ulcer and angina may occur suddenly 
and simultaneously, and occasionally acute peptic ulcer may be associated with 
coronary thrombosis Repeated attacks of angina at rest, finally eventuating in 
coronary thrombosis, may occur two or three hours aftei meals and during the night, 
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charactenstic of pain fiom ulcer When symptoms of angina and ulcer coexist, 
successful theiapy for ulcer may cause remission of the anginal syndrome The 
authois piesent 14 case histones and offer a detailed explanation of the phenomena 
just mentioned, which are largely based on the old theory of a vagovagal reflex 
It should be stated that such instances are of extreme interest but are uncommon, 
inasmuch as the vast majority of patients with ulcer do not have associated coronary 
disease or coronary symptoms, as pointed out previously by White and his 
collaboiators 

Esophagus, — Esophageal tumois which do not involve the mucosa aie rare 
Schatzki and Hawes report a small group of mtiamural esophageal tumors and 
■describe in detail the important diagnostic featuies to be noted by the roentgenologist 
Gastrointestinal hemorrhage from esophageal polyps is extremely rare Such an 
occuirence is described by Dickes and his associates,”® who leport a case of multiple 
polyps of the esophagus causing intermittent bleeding Diagnostic proof rested on 
lepeated esophagoscopic examinations Pennes adds a report of a case of 
leiomyosaicoma involving the middle and lower thirds of the esophagus to the 
5 cases previously noted in the literature 

The incidence of successful esophageal surgical opeiation foi malignant or 
benign tumors is still increasing, due largely to the results of transthoracic 
pioceduies Interesting lepoits are those of Biock,^”^ Fianklin,^”® Allison^”® 
and Kay^”'^ Although the technic of ladical removal of esophageal cancer con- 
tinues to improve, it is obvious that consideration must still be given to radiation 
theiapy foi this serious condition Smithers and his associates lecoid the lesults 
of loentgen therapy in 44 patients with cancer of the esophagus Thirty-two of 
the senes had what was considered an adequate amount of therapy Thirty of the 
entire gioup obtained some relief and 11 complete relief of symptoms Three 
patients were still alive and free of symptoms at the end of six and one-fourth 
years, five yeais, and four and two-thirds years, lespectively, after treatment 

Congenital atresia of the esophagus represents the most frequent type of 
congenital anomaly of this oigan and consists of a blind upper esophageal segment 
and a low^er segment communicating with the trachea A series of instances of 
this anomaly are reported by Addey,^”® Chont and Starry and Haight and 
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Towsle}^^®® The last-mentioned lepoit comments on the cases of 15 patients 
admitted to the Univeisity of Michigan Hospital during the past seven years A 
detailed desciiption of the first successful collection of the condition by operation 
IS given The authors note that since their papei was written 8 additional patients 
have been similaily treated, 4 of Mhom have been opeiated on successfully The 
surgically ideal plan for the coirection of this condition is a leconstruction of 
the continuity of the esophagus by an extiapleural ligation of the fistula and an 
end to end anastomosis of the esophageal segments Another excellent example 
of modern surgical treatment is contained m a repoit by Davis and Stafford^®'' 
These authors describe the successful reconstruction of an extrathoiacic esophagus 
m a child suffering from progressive esophageal stenosis secondary to the swallou - 
ing of concentiated lye, which finally resulted in complete obliteration of the 
esophagus from the neck to the stomach 

Dtaphi agmahe Henna — The met easing frequency of recognition and diagnosis 
of diaphragmatic heinia is pointed out by Harrington in an excellent article on 
the roentgenologic aspects of this condition Between 1908 and 1925, this diagnosis 
was made in 30 instances, from 1926 to 1941, the condition was diagnosed more 
than 600 times, and the author has operated on 295 patients This definite increase 
m frequency of recognition is due pnmaiil}' to the deielopment of roentgenologic 
methods of diagnosis On the basis of his extensive experience, Harrington dis- 
cusses the 1 oentgenologic and clinical considerations m the diagnosis of this con- 
dition, taking up nontraumatic and traumatic hernia, esophageal hiatus hernia 
congenital shoit esophagus, dilatation of the lower end of the esophagus ^Mth 
relaxation of the caidia of the stomach, and congenital diaphragmatic hernia due 
to structural deficiencies of the diaphragm An interesting statement is that it was 
found that an aveiage of thiee pievious erioneous clinical diagnoses had been made 
before a correct diagnosis was established Indications for surgical intervention 
are given 

Sahler and Hampton stress the fact that the incidence of hiatus hernia 
lesions is considerably higher than has been appreciated, and they direct attention 
toward the frequent occuiience of hemorrhage An exact description of the 
loentgen findings associated with this condition is given They properly conclude 
that if neither gastritis nor ulceration is present in the heinial lesion bleeding will 
not be encountered 

An unusual symptom secondary to hiatus hernia is reported by Stubenbord — 
namely, paroxysmal aunculai fibrillation Attacks of this arrhythmia were pre- 
cipitated by overindulgence in alcohol or food or by worry and fatigue Although 
the association of paroxysms of fibrillation with the hiatus hernia may have been 
only incidental, the report is of interest A more unusual comphcation of dia- 
phragmatic hernia is that reported by Deaner and his associates,^^® who present the 
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case of a 37 year old man who died two days after sudden onset of severe abdominal 
pain The autopsy showed a hemothorax and, in addition, a loop of gangrenous 
stomach which had herniated through the diaphragm with a portion of the omentum 

Gastittis — ^The literature on gastritis continues to grow Much of it is 
controveisial, and for this reason the extiaordinary observations of Wolf and 
Wolff, 2 already referred to, are extremely pertinent These investigators studied 
a subject with a permanent gastric fistula, and a recent report deals with an 
investigation of changes in the appearance in the gastric mucosa in this person 
after vaiious stimuli Several expeiienced gastroscopists have expressed doubt 
as to whethei the changes in color and the appearance of localized spots on the 
lining of the stomach represent disease or “gastritis,” or whether they should be 
looked on as within the limits of normal Wolf and Wolff considered that the 
small hemorrhagic lesions and so-called “pigment spots” regarded by many as 
signs of disease are in reality artefacts due to the trauma of the gastroscope itself 
or to the suction applied to the wall by the stomach tube in making the pre- 
liminary gastric analysis They state that many of the signs of “gastritis” may 
be encountered in the normally functioning stomach or may be produced therein 
by minor traumas associated with instrumentation In their patient the healthy 
gastric mucosa varied m appearance within a wide range When the rate of 
production of acid by the paiietal cells was relatively slow, the mucosa was always 
comparatively pale, and m this state it was relatively resistant to injury unless 
the continuity of its protective covering of mucus was inteirupted Accelerated 
production of acid and motor activity were always accompanied by hyperemia and 
mucosal engorgement When vascular engoigement was prolonged, the rugae 
became intensely red, thick and turgid, presenting the picture of what has been 
called “hypertrophic gastritis ” In this state the mucosa was unusually fragile, 
hemorrhages and small erosion lesulting from even the most minor trauma 
Lowering of the pain threshold occurred, and symptoms were often associated 
with this condition Thus, the diffeience between hyperfunctioning of the stomach 
and “hypertrophic gastritis” was seen to be mainly one of degree Continued 
exposure of a small erosion to the digestive action of gastric juice for four days 
resulted m a peptic ulcer In this connection, reference has already been made 
to the observations of Wolf and Wolff on changes in gastroduodenal blood flow 
As already noted, they obseived that accelerations in blood flow in the mucosa of 
the stomach were associated with gastiic motoi activity, histamine stimulation and 
various psychologic stimuli 

The significance of hemorrhagic or pigment spots as obseived by gastroscopy 
has received further consideration by Ruffin and Brown On the basis of a large 
number of control gastroscopies, with or without operation, these authors are in 
agreement with the conclusions already alluded to, that hemorrhagic or pigment 
spots in the gastric mucosa can be produced by aspiiation of the stomach and may 
occur in healthy peisons They feel that such lesions probably have no clinical 
significance 

A study of 40 healthy volunteers by Fitzgibbon and Long throws still further 
doubt on the wisdom of uncontrolled diagnoses of hypertrophic gastritis Two 
of their 40 subjects showed definite hypertrophic changes although symptoms were 
completely absent They make the obvious suggestion that a large series of normal 
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persons should be examined before one attempts to evaluate minor “hypertrophic” 
changes in the gastiic mucosa 

Hebbel has attempted to correlate the occurrence of gastritis with the 
appearance of gastric and duodenal ulcer and gastiic carcinoma by means of 
autopsy and suigical specimens The control group of specimens consisted of 
stomachs examined at autopsy of 260 persons free of manifest gastric disease 
Ceitain findings are of interest Gastritis was rarely encountered below the age 
of 30, and the majority of the stomachs leexamined were free of any significant 
change Atrophic changes appeared only twice in persons under the age of 50 
One hundred and eight specimens were from patients over 50 years of age, and of 
these 30 pei cent showed gastric atrophy These findings lend credence to the view 
that “atrophic” gastritis is in part, at any rate, the result of an aging or degenerative 
piocess, and they suggest the obvious need for a gastroscopic study of a much 
greater number of normal persons in various age gioups Examination of surgical 
material from stomachs excised for ulcer or carcinoma supported the frequently 
reported constancy of gastiitis associated with ulcer The author feels that there 
is good evidence that the process is primary and not secondaiy to ulcer and 
must be separated from the processes leading to atrophy and achlorhydria, in 
which the body is regularly involved Changes m the body mucosa were rare in 
the group with duodenal ulcer and common m the group wuth gastric ulcei 
There was in the series no evidence that carcinoma of the stomach arises with 
unusual frequency at the site of already diffuse atrophic gastritis 

Maher and his associates have reviewed their experiences based on gastro- 
scopic and histologic examinations of 40 patients wuth peptic ulcer On the basis 
of then observations they state that the gastritis associated wuth peptic ulcer is 
laigely similar to that seen in patients wuth gastric cancer, a fact that strongly 
suggests that the gastritis per se may not be a specific precursoi of either gastric 
cancer or peptic ulcer They stress the fiequent presence of microscopic evidence 
of atrophic gastritis in stomachs which appear normal gastioscopically as indicating 
the necessity for further study of control groups of stomachs 

The value of gastroscopy in the diagnosis of gastric tumor is thoroughly 
piesented by Schindler and Letendre^^® Among 95 cases of gastric tumor proved 
by opeiation, the lesion was not seen in 5 cases of gastric cancel, and in 5 others 
an mcoriect gastioscopic mteipretation was made Sarcoma was mistaken for 
polyposis once, and a benign mucosal tumoi w^as called malignant in 1 instance 
In 3 cases, howevei, gastioscopic examination revealed a tumor not palpated or 
seen by the surgeon at laparotomy but found later in the resected specimens 
There were 15 diagnostic failuies on the first roentgen examination 

That clinical symptoms vary tremendously in patients showing chronic gastritis 
on gastroscopy is a fact receiving confirmation in various reports Jackson and 
his associates stiess this fact in a review of over 1,000 gastroscopic studies 
In 75 per cent of the patients pain was piesent, but as a rule there was no 
particular relationship to the ingestion of food and the duration of the pain was 
variable Anorexia, indifference to food or fear of eating was noted m 45 per cent 
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of the patients, with loss of weight, weakness and neivousness in an important 
number Nausea and vomiting weie present in ovei one fifth of the patients, and 
constipation or diarrhea in 40 per cent It would seem that the atypical and 
vaiying histones of patients with gastntis aie m themselves a suggestive featuie 
of this condition, but an accuiate diagnosis cannot be based on the histoiy alone 
These authois advocate the obtaining of a biopsy specimen of gasliic mucosa 
thiough an open tube gastroscope foi an accuiate evaluation of the tindei lying 
condition, and they claim satisfactoiy lesults by this method 

Hardt and his associates examined gastioscopically 119 patients with 
pulmonary tuberculosis with gastiomtestinal symptoms Atrophic changes in 
the gastiic mucosa were noted fiequently in far advanced pulmonary tubeiculosis, 
and the authors state that the histopathologic picture indicates that these ati opine 
changes weie primaiy, with secondary mflammatoiy changes The comment of 
Ruffin in this connection is peitment He expiessed the conviction that atrophy 
of the gastric mucosa m piilnionaiy tuberculosis is piobably meiely a local manifes- 
tation of a geneial condition, not piimaiy gasliitis at all but a degeneiative piocess 
due to inadequate nutiition oi actual vitamin deficiency Flexnei and Baum 
also obseived chionic supeificial gastntis and gastric atiophy m an unusually 
large number of tuberculous patients They could not coi relate the abnoimahties 
of the gastric mucosa, howevei, with the duiation, severit)^ oi type of tubeiculosis 
Gastric symptoms failed to follow diiectly the gastioscopically demonstiated 
lesions, and tins was thought to be influenced by rest m bed, the i eduction in 
food consumption caused by anoiexia and the frequent piesence of achlorhydria 
Browne, McHardy and Wilen^-- made gastioscopic examinations of 50 tubei- 
culous patients and found a iioimal mucosa m only one thud of them They 
state, however, that no gastntis of pathognomonic significance was established 
In order to stud} further the pioblem of gastiic symptoms in tubciculous patients, 
these investigatoi s attempted to piodiice tuberculous lesions m the pyloiic segment 
of the dog by local inoculation with living tubeicle bacilli The results indicated 
that the submucosal and hematogenous routes were the only successful methods 
of exciting a significant mucosal change The authois hope to produce and 
endoscopically observe the development of mucosal changes of tuberculosis in 
animals foi comparison with similar lesions in human beings 

A curious difiuse metaplastic gastritis m a patient with prolonged cachexia 
and macrocytic anemia is recorded by Sailer Diffuse aieas of squamous 
metaplasia, regardless of the causative factors, have hitherto not been described 
in the gastric mucosa He reports such changes proved by autopsy and diagnosed 
by gastroscopy as atrophic gastritis No apparent cause foi the gastric changes 
were found, but a deficiency of vitamin A was suggested as a possible etiologic 
factor 

Atiophy of the gastric mucosa was diagnosed positively m 10 of 11 cases of 
hypothyroidism and myxedema by Golding Such a finding is furthei evidence 
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that gastric atiophy is frequently an expiession of some form of deficiency disease, 
m this particulai instance a deficiency of thyioid secretion oi a nutritional deficiency 
secondary to the piimaiy myxedema 

Further studies on the gastric symptoms encountered in chionic alcoholism are 
piesented by Giay^-“ Gastioscopic examinations were made on 100 chronic 
alcoholic addicts taken at random, with ages varying from 24 to 66 These men 
had been dunking from 1 to 6 pints (0 5 to 3 liters) of alcoholic beverages dail} 
foi from three to fift 3 '-two 3 '’ears The alcohol consumed included everything 
from wine to hair tonic Normal gastric mucosa was observed m 55 patients who 
had had an aveiage daily alcohol consumption of 3 pints (15 liters) foi moie than 
t\\ent 3 '-one 3 'eais Vaiious foi ms of gastritis weie noted in the remainder, 22 of 
whom showed sujieificial gastritis of vaiymg degiees, 13 showed atiophy, and 
8 shoued a combination of supcificial and atrophic gastiitis OnN 4 of the 55 
patients \Mth noimal stomachs had subjective complaints, whereas 24 of the 45 
patients with chronic gastritis presented definite symptoms 

Schindler^-® states catcgoiicalW on the basis of his wide expeiience that 
gastiitis as a disease has a well established histopathologic picture, that it can be 
diagnosed reliably bj gasti oscop 3 '^ and that therefore it can produce symptoms 
Few would disagree with this last statement, although there can be little doubt 
that mnumeiable jiatients showing inaikcd changes in the gastiic mucosa have few, 
if an3, S3mptoms 

As already suggested in some of the preceding papeis, no chaiacteristic clinical 
syndrome is typical of any form of gastritis Pollaid and Cooper studied 
50 patients showing the chaiacteristics of hypertiophic gastritis, they feel that 
the diagnosis can he made only by exclusion and by gastroscopy, and not on the 
basis of clinical symptoms Although admitting that gastritis can cause S 3 miptoms 
Tumen and Lieberthal conclude that the piesence of gastritis did not regularly 
influence the clinical course of duodenal ulcer m a carefully studied group of SO 
patients with this disease Thirt 3 '-three of the patients with ulcei were shown 
by gastroscopy to have changes consistent ^vlth chronic gastritis These changes 
were variable in type, and 16 patients showed normal gastric mucosa, as far as 
could be determined A careful anal 3 'sis of the patients’ symptoms led to the 
conclusion that in individual cases it was possible that the gastritis might have 
added to the severit 3 '^ of the symptoms but that it often existed in an apparently 
symptomless manner It was impossible to postulate the presence or absence of 
associated gastritis on the basis of the nature of the symptoms oi the character 
of the 1 espouse to treatment An excellent clinical evaluation of chronic non- 
specific gastritis is to be found m a geneial article b 3 ^ Eustermann,^-® who states 
that simulation of the ulcer symptom complex or hemorrhage, or both, is a 
frequent manifestation of hypertrophic, erosive or ulcerative gastritis, on the othei 
hand, that gastritis m its various forms is often symptomless He sti esses the fact 
that chronic gastritis is generally refractory to treatment 
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Benedict"®*^ analyzes 117 cases of hypertrophic gastiitis without other gastric 
01 duodenal pathologic change Two thuds of the patients weie males, and the 
most fiequent symptoms weie pain and vomiting No relationship was found 
between the severity of the pain and the activity of the gastiitis as observed 
endoscopically The relation of pain to the ingestion of food and its relief by 
food or alkali weie variable, but the history and course weie like those of ulcer in 
an important numbei of instances Hemorrhage occuired in 49 cases, with 
hematemesis in 31 Although no specific tieatment was eftective, two thuds of 
the patients were definitely relieved by the use of a bland diet, belladonna, and 
alkali 01 hydrochloric acid Benedict believes that clinical impiovement in most 
cases was definitely con elated with impiovement m the appeal ance of the gastnc 
mucosa 

Hurst comments on a specific cause of gastritis and hemoirhage, the use of 
acetylsahcyhc acid He makes the interesting statement that from his experience 
111 hospital and private piactice since 1939, he would expect to obtain a history 
of this drug as a direct cause of hemoirhage m at least one half of 58 cases in 
which chionic iilcei, cancel and cinhosis could be excluded He stresses the 
importance of administering acetylsahcyhc acid immediately after meals in order 
to avoid gastric irritation (The gastroscopic appearance of this type of irritation 
has been well described ) An interesting addition to the technic of gasti oscopy 
IS repoited by Robinson Fiuoiescem was used topically on the mucous 
membiane of the stomach by instillation through a tube Gastroscopy was 
then done m a senes of cases Four cases with positive findings are reported 
to demonstrate that this procediue was helpful m visualizing superficial ulcers of 
the stomach The dye aids in outlining and demonstrating the ulcei, giving a 
more accuiate estimate of the diametei of the ulcei ation 

Esophageal per foi ation dm mg gastroscopy is laie An unusual instance is 
reported by Paul and Lage Foui houi s aftei gastroscopy their patient 
complained of pain m the thioat and difficulty m swallowing, and two hours later 
he had a chill with a rise m tempeiature The patient died twenty-four hours 
after gastroscopy At autopsy, no explanation could be found foi the accident, 
and even when air was blown into the esophagus no perforation could be discovered 
A fibrinous, acute, phlegmonous cellulitis with extieme edema was found in the 
upper part of the thorax, however, and a minute peiforation must have occurred 
The relatively slight danger associated Muth gasti oscopy is indicated by the fact 
that Benedict lecords only 3 perforations m 1,507 gasti oscopies In each 
instance the perfoi ation was thiough the wall of the stomach, and death occurred 
only once 

Experimental Ulcer — Berk and his associates^®® have attempted to study m 
human beings and m animals the acidity of the ulcei -bearing area of the duodenum 
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The leaclion of this poition of the duodenum has leceived scant attention In 
notmal subjects, these investigators found that the important ulcer-beanng first 
poition of the duodenum is an acid aica, \\ith an a\erage pii m the fasting state 
of about 5 6 and after an E\\ald meal of 5 0 Free acid is usually but not 
constantly absent The duodenal bulb seems to be endowed with a capacity to 
neutiahze, buffei and dilute the gastiic clnine that generally exceeds the physiologic 
needs None of the customaiy mcasuies of gastiic acidity in normal subjects can 
be used as a reliable index of the behavior of coi icspondmg effective acidity {pn) of 
the contents of tlic duodenal bull) These authors conclude that in patients with 
duodenal iilcei, undei fasting conditions the contents of the first part of the 
duodenum aie moic acid than m noimal sulijecis n ith an aveiage pn of 3 9 During 
fasting, flee acid is found moie often in the hist part of the duodenum in these 
patients than in noiinal peisons, free aciditp when piesent tends to persist for 
longei peiiods The abilit} of the duodenal bulb to neutrali/c buffer and dilute 
gastiic secietions in patients witli ulcer is impaired but not u holly lost This is 
consideied to be due to gastiic lu pei seci etion and to a defective neutralizing 
capacity m the duodenal bulb as well Fasting normal dogs display'- a greater 
neutralizing powei in the duodenal bulb then do noimal men, and the authors 
suggest that this inai be due to the fact that dogs rarely, if eA’^er, display a 
spontaneous duodenal ulcer 

The iinpoitancc ot acid in the genesis of ulcci iCv.eues additional confirmation 
111 the experiments of Hay and his associates"' 1 hese investigatois produced 
maximal secretion of h} drochloric acid from gasti ic jiouches of dogs by embedding 
histamine in beeswax and injecting it intramuscularh to jisimit gradual liberation 
ot the drug With the employment of this agent, gastric and duodenal ulcers may 
be produced with some legularit} in a numbei of laboraton animals Their 
lesults arc confirmatoiy of woik pieviously lepoited by Varco 

Cheney continues to report on gastiic ulcers in chicks due to dietary 
deficiencies Cinchophen gastiic ulcers may also be pioduced in chicks but may 
be prevented oi modified b\ a dietary factor 1 he fact that certain bile acids and 
salts pi event the development of deficiency ulcci s in chicks and ma} have a 
similai action against experimental cinchophcn ulceis the author explains by 
assuming that bile piomotes the intestinal absorption of a fat-soluble ulcer-pre- 
ventive factoi, designated as vitamin U He suggests that the ulcer-producing 
properties of cinchophen are due not to direct action on the lining of the stomach 
but to an indiiect effect on the In'^er, which, in turn, may interfeie wuth the 
elaboration and stoiage of the antiulcei factoi and its delnfeiy to the w'all of 
the stomach Some comparable explanation ma}'^ be evoked in those cases of ulcer 
occasionally seen in connection wuth cirrhosis of the liver and mentioned in 
pievious years by Ask-Upmark Othei possible dietaiy factoi s are suggested in 
the repoit by Sharpless, in wdiich he describes h 3 ^perplasia and ulceration of 
the foiestomach epithelium in rats in association with a deficiency of cystine 
iiboflavm, p 3 Tidoxine or choline Sodium tauiocholate or pepsin and h 3 xlro- 
chloric acid increased the incidence of lesions m animals fed the poor diets In 
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expeiiments on lats, Zucker and Berg^®” noted that diets adequate for excellent 
giowth in all lespects will lead to a high incidence of predominantly antral lesions 
it calcium IS omitted from the salt mixture Vitamin D deficiency plays no role 

Experimental acute gastric ulcers were produced in mice and in guinea pigs by 
W eedon by exposure to sulfur dioxide gas W ith minor concentrations of 
the gas only gastric distention was noted, but when the concentiation was increased 
distention occuired at an eailier date and multiple hemorrhagic ulcers with 
l^erfoiations were frequent 

Protection against expeiimental ulcers has been obtained by various proceduies 
The survival time of dogs in which histamine was used to produce peptic ulcers 
was increased by Shock and Fogelson by daily feeding of 0 5 Gm of a fatty 
alcohol sulfate (Dieft) This denaturant inactivated the pepsin of the gastric 
juice and thus deci eased its digestive poweis The application of this principle 
to human beings has not yet been proved of practical value 

Hands and his collaboiators have previously reported that enterogasti one 
depi esses the motor and secretory activity of the stomach, and in an effort to 
determine its effect on Mann-Wilhamson ulcers they treated a series of 25 such 
ulcers 111 dogs Control animals treated intravenously with an extract of poik 
muscle died of jejunal ulcer m four to thirty weeks, the average postoperative 
suivival time being just under sixteen weeks The muscle extract did not inhibit 
gastric secretion or motility Of the dogs given injections of enterogastrone, 
jejunal ulcers developed in only 6 Eight of the 25 animals died within nine 
months without ulcer, living an average of nineteen weeks following operation 
Eleven dogs were still alive without ulcer for more than nine months, and 7 of 
these for more than one year Five of the latter 7 had been without tieatment foi 
fiom four to five months without ulcer developing The authors are of the opinion 
that enterogasti one extract, even though as yet impuie, has a remarkable potency 
m preventing jejunal ulcer in Mann-Williamson dogs Analogous experiments 
were carried out by Beaver and his collaboiators on standard Mann-Wilhamson 
dogs In all, 142 animals w^ere employed, of which 42 were treated with an extract 
of urine of pregnant women, 42 with an extract of urine of normal women, and 
30 wuth an extract of urine of patients having active symptoms of duodenal ulcer 
The untieated dogs died within an average of seventy-one days Of those treated 
wntli the extract of urine of pregnant women, 85 pei cent of the animals weie 
benefited Of those treated with the extract of urine of noimal women, 62 pei cent 
weie benefited Only 24 pei cent of the 30 dogs treated with the urine of patients 
with ulcei weie benefited Experimental results wnth extracts of urine of normal 
men aie not complete, but the authors believe that the urine of normal men contains 
much less of the protective substance than the urine of normal women, though 
moie than the urine of patients having active symptoms of ulcer They believe 
that this protective substance is closely i elated to the gonadotropic hormone found 
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m the uiine of piegnant women and that its effect is not due to inhibition of gastiic 
secretion or acid in the Mann- Williamson ulcers Microscopically, the beneficial 
effect IS shown by fibroblastic proliferation, new formation of blood vessels and 
epithelization of the mucosa 

Friedman and Podolsky investigated the possibility that tissue prohfeiation 
at the site of experimental ulcers in urine-treated animals might be due to anterior 
pituitary substance with high prolactin activity Experiments were carried out 
in pigeons, and on the fifth day after injection the crops weie examined foi 
increase in weight and for proliferation of the crop glands as suggested by McShan 
and Turner in 1937 Extracts of urine from pregnant and from nonpregnant 
women were used None of the treated birds showed a gain in crop weight 
although unmistakable evidences of crop proliferation were found in 1 bird of 
the control series and in none of the ui ine-treated series The conclusion was 
reached that urine extracts which can cause fibroblastic proliferation and epi- 
thelization of the experimental ulcer do not do so because of prolactin The results 
were suggestive but not conclusive, inasmuch as the extract emploj’^ed did not 
have a high content of prolactin 

Clinical Ulcer — Demonstration of gastric ulcerations in cases of diaphragmatic 
heinia is not too common Rude^‘® describes the clinical aspects of the condition 
and gives in detail important roentgenologc findings The condition is best 
demonstrated with the patient recumbent in the Trendelenburg position with the 
body turned on the left side Huber and Andreson report a small sei les of 
interesting cases in which a gastric or duodenal ulcer was associated with similar 
lesions in the lower end of the esophagus or in the cardia Ulcerations were 
demonstrated in cases of hiatus heinia, esophageal diverticulum and mega- 
esophagus 

An uncommon site of primary ulceration is the jejunum Dowdle^'*' repoits 
the case of a patient with chronic dilatation of the duodenum pioduced by obstruc- 
tive, multiple jejunal ulcers Nine additional cases have appeared m the literature, 
and in most instances the ulcers were found m the proximal portion of the jejunum 
opposite the mesenteric attachment 

The occurrence of recent acute peptic ulcer in the sixth and later decades of 
life is not particularly uncommon, but the report of Meyer and Saphir is ot 
some interest Sixteen patients are reported on, the youngest being 60 years of 
age and the oldest 83 A clinical diagnosis was made for 5 patients The fact that 
for the 11 other patients the diagnosis was not correctly made may have been due 
in part to the fact that an atypical history was obtained This is paiticularly 
likely to occur with patients of this age group, in whom the threshold of pain 
perception is distinctly higher than in younger persons As was to have been 
expected, microscopic changes in the region of the ulcer showed arterial changes 
that were definitely more severe than those noted in younger patients Surgical 
operation on such patients, pei formed for perforation or because of the possibility 
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of caicinoma, is not contraindicated because of age alone A case of ulcei in a 
person of extreme age is reported by Tanner This patient died of peif oration 
of a duodenal ulcei at the age of 91 Histologic examination showed a typical 
chronic duodenal ulcer 

That vascular changes may frequently complicate the problem of ulcer is 
indicated in an article by Schenken and his associates^®® The average patient 
with ulcer, even in the later decades of life, has a relatively low blood pressure 
These authors, in a review of the postmortem examinations of patients with 
gastric or duodenal ulcer, were impressed by the high incidence of hypertension 
and pancreatic erosion in those patients who died of massive hemorrhage Of a 
group of patients who died of hemorrhage, nearly 60 per cent had hypertension and 
75 per cent of the group had either hypertension or erosion of the pancreas or 
both These findings indicate the cause of the increased mortality from hemorihage 
in older patients with ulcer 

Variations in the percentage incidence of gastric and of duodenal ulcei con- 
tinue to appear in various parts of the world A recent report from Australia by 
Cleland,^®^ based on postmortem examinations, shows that of 207 active oi healed 
ulcers 60 per cent were gastric There had been no change in the relative incidence 
of gastric and duodenal ulcers over a period of twenty-two years In persons less 
than 50 years of age the incidence of gastric and that of duodenal ulcers were 
about equal, after that age there was a rapid increase in the incidence of gastric 
over duodenal ulcers 

The infrequency with which ulcer occurs in Southern Negroes has been 
mentioned on numerous occasions, and an article by Finney again stresses this 
point in an analysis of cases of ulcer in Alabama Whether the incidence in 
Negroes will increase under war conditions and with increased industrialization 
ot the South will be a matter for interesting speculation A report from southwest 
India by Somervell covers his experience with 4,000 patients operated on during 
the past twenty years In a former paper he pointed out that peptic ulcer in this 
part of India seemed chiefly due to deficient diet, the greatest deficiency possibly 
being that of vitamin A In the present report he states that an extensive study 
of the vitamin situation in southwestern India showed that vitamins A and Bg. 
are noticeably lacking and, in addition, that there is an overwhelming preponderance 
of carbohydrates in the diets, with relatively little protein and fat, a condition 
which appears to increase gastric acidity He destroys one of the time-honored 
colonial traditions in stating that the eating of curry has little to do with ulcei, 
since in parts of India where ulcer is relatively uncommon, even hottei cuny is 
eaten than m other parts of the country One point that may be questioned m 
his report is the statement that rapid reduction of gastric acidity is obtained by 
the ligature of a sufficient number of arteries in the wall of the stomach, in view 
of recent experimental evidence, such a statement can hardly be convincing 

The relatively high incidence (approximately 10 per cent) of peptic ulcei in 
association with polycythemia has been known since 1905 Statistically, the 
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lecoid of 163 cases of polycythemia veia by Tinney and his associates is of 
interest Eleven of the patients weie definitely shown to have ulcer, and 5 others 
gave a typical histoiy and had had a diagnosis of ulcer made elsewhere but the 
piesence of ulcer could not be proved at the time of examination Such ulcers, 
in all piobability, ale the result of thiomboses m small gastric or duodenal vessels 

Reports of veiified Culling ulcers aie not too frequent Whigham reports 
one such tilcei in a young woman who suffeied severe extensive cutaneous bums 
An autopsy perfoimed eleven days after the accident revealed a large acute ulcer 
in the first poition of the duodenum There was nothing in the past history to 
suggest a previous ulceration In this icgaid it is of some interest to mention 
the observations made on patients who \\ere badly binned in the Cocoanut Grove 
fire in Boston Among those -patients admitted to the Massachusetts General 
Hospital no symptoms of ulcer weie noted, but over half of the patients had occult 
blood m the stools Autopsy m 3 cases showed extensive submucosal hemorrhage 
in the duodenum in 1 instance and duodenal and gastric lesions of a petechial 
nature in the other 2 

Traumatic gastioduodenal ulcers aie lare but piobably occur Veidan is 
lesponsible for the statement that in only 1 of 4 cases is ulcer recognized as such 
dui ing life This frequent, though unrecognized, occurrence, together with the high 
fiequenc}' of accidents in these days, introduces a consideiable possibility of error 
in any conclusion as regards traumatic ulcer Although the traumatic origin of 
this disease has nevei been clearly demonstrated, it is nevertheless possible tg^ 
legal d trauma as a determining cause of a chronic gastric lesion if no dyspeptic 
symptoms existed prior to the accident, provided that the trauma was of sufficient 
violence involved the epigastrium and was followed by immediate objective 
symptoms Case histones illustiate the possible etiologic importance for chronic 
gastric lesions of cerebial trauma, cutaneous burns, septicemia and lead poisoning 
The discussion is of interest chiefl) from a medicolegal point of view Tiaumatic 
peiforation of a gastric ulcer is obviously less difficult to undei stand than the 
conditions just alluded to, but such a finding is still not too common Gallo and 
Pozzo report traumatic peiforation of a gastric ulcer following a kick in the 
epigastiium by a horse A dense, firm ulcer ^\as discovered at operation, although 
no historj'^ of preexisting symptoms of ulcei could be elicited The literature is 
reviewed and several cases abstracted 

A fascinating study by Horton conceifis the production of acute duodenal 
ulcer in cases of cephalgia due to histamine This condition, which has only 
lecently been recognized, invariably presents the story of acute attacks of 
excruciating pain involving the eye, temple and neck and often the face These 
attacks have been refractory to other types of tieatment but have been eradicated 
within two to three weeks by “desensitization” to histamine Ten such cases are 
piesented by the author, in which theie was a diiect lelationship between an acute 
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duodenal ulcer with a ciatei and histamine cephalgia The formation of the ulcer 
m each instance was secondary to the attacks of intractable headache During 
the attacks the gastric acid rose to an abnormally high level, just as would have 
been the case if the patient had received approximately 0 35 mg of histamine 
subcutaneously The subjects were all hypersensitive to histamine, to such a 
degree that even 0 01 mg of histamine had been sufficient in many instances to 
precipitate a rise m gastric acidity Treatment by means of desensitization to 
histamine, without other treatment for the duodenal ulcer itself, not only caused 
cessation of the headaches but peimitted the duodenal ulcer to heal properly, within 
two weeks 

Synchronous studies of gastroduodenal motility with tandem balloons have 
been made by Patterson and Sandweiss,^®® with particular reference to the i elation- 
ship between gastroduodenal motility and symptoms associated with duodenal ulcer 
m the human Distress from ulcer occurred only when the stomach and duodenum 
were simultaneously exhibiting motility or when the duodenum alone was showing 
motor activity It did not occur when the duodenum was m a quiescent phase In 
other words, the studies indicate that the duodenum must be in an active motor 
phase for the patient with duodenal ulcer to experience pain As the authors 
point out, however, these findings do not necessarily indicate that duodenal 
motility is the only factor responsible for the distress associated with ulcei In 
keeping with other investigative reports, these authors found that the duodenum 
sometimes has its periods of motor activity long before the stomach does, which 
indicates that the duodenum acts independently of the stomach 

A curious pictuie of pain like that of duodenal ulcer without the existence of 
an ulcer is reported by Yemkomshian and Shehadi Gastrointestinal disturbances 
caused by hookworm disease may appear in different clinical forms, including that 
of duodenal ulcer Estimation of free gastric acid shows a rise to a level higher 
than that obtained in the average case of duodenal ulcer, in spite of vaiymg 
degrees of severe anemia Roentgenologic studies m these cases of ancylostomiasis 
show evidence of swelling of the duodenal mucosa, inconstant deformity of the 
duodenal bulb, hyperperistalsis of the stomach and duodenum, and usually leveised 
peristalsis of the duodenum without obstruction Administration of a vermifuge 
results m the elimination of epigastric pain within twenty-four hours and restoration 
of the contour of the duodenal wall m fiom eleven to twenty-four days 

Articles on perforated ulcer are numerous Of these, only a few have been 
taken foi review One by Harrison and Cooper presents a detailed analysis of 
57 cases of acute perforated peptic ulcei The study was undertaken m order to 
test the validity of the widespread opinion that if a peptic ulcer perforates and 
the patient recovers after closure, subsequent permanent healing of the ulcei is to 
be expected Of 41 patients suivivmg perfoiation, less than one fifth lemamed 
well, 25 had an asymptomatic period immediately following operation, averaging 
one and eight-tenths years, 7 patients had continuous symptoms The patient 
lepoitmg the longest asymptomatic period had this period abruptly teimmated 
by a second perfoiation The authors conclude that after closure of a perforated 
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ulcer every patient should have his case evaluated anew and be treated as any 
other patient with ulcer A slightly more optimistic report is that of Barbei and 
Madden, who carried out a follow-up study on a small group of 21 patients with 
perforated ulcers Two thirds of these were considered to be free of symptoms of 
ulcer but such a finding is not m accord with the usual clinical experience 

Activity of peptic ulcer during pregnancy is rare, and complications are still more 
uncommon For this reason, the discussion by Sandweiss and his collaborators 
on deaths from perforation of gastroduodenal ulcer duiing pregnancy and 
puerperium is of interest One such case is reported, and the literature is com- 
pletely reviewed In all, 14 cases have been reported, and the point is made 
that foi pregnant women who have a previous history suggestive of ulcer medical 
management should be immediately instituted if epigastric symptoms occur during 
the second or third trimester of pregnane}' Another rare complication is that 
leported by Heathfield who records the death of a patient from a solitary 
abscess of the liver secondaiy to a perforated duodenal ulcer 

Ulfelder and Allen have made an analysis of 334 cases of patients with acute 
peiforation of a gastric or duodenal ulcer, seen between 1916 and 1940 The 
mortality by five year periods showed no significant change during the past fifteen 
years During the winter months the mortality was appreciably higher than during 
othei seasons, and there appeared to be some relation between this mortality and 
the virulence of recurrent infections of the respiratoiy tract As was to have been 
expected, the mortality rose with the patient’s age In agreement with all 
experienced surgeons, they noted that the interval between perforation and closure 
is of fundamental prognostic importance An interesting fact is the observation 
that in the majority of patients who recovered when more than fifteen hours had 
elapsed between the onset and operation, the perforation had already spontaneously 
healed 

Sanders reports an unusual combination of perforated peptic ulcer and acute 
appendicitis Nine other such cases have been reported The preoperative 
diagnosis in all the cases reviewed was acute appendicitis, with or without perfora- 
tion, and only postoperatively was the existence of the two lesions found The 
wisdom of the long-established rule to operate whenever the diagnosis of appendi- 
citis IS made is reaffirmed 

Allusion has already been made to a possible new procedure m surgical treat- 
ment for ulcei — namely, insertion of jejunal transplants in the gastric wall 
Andrus, Lord and Stefko have shown m animals that gastroenterostomy alone 
failed to prevent a marked diminution in the average pn of the mucosa of seven 
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difterent legions of the stomach following injection of histamine After con- 
veision of the gastroenterostomy to a jejunal graft, however, the normal response 
to histamine was reversed in all 6 dogs After these experiments the effects of 
such jejunal transplants were studied on the experimental production of peptic 
ulcers of the duodenum through daily intramuscular injection of a mixture of 
histamine phosphate and beeswax in liquid petrolatum, as reported by Varco and 
his associates (1941) In the single animal m which it could be satisfactoi ily 
carried out, implantation of a pedicle graft of jejunum into the stomach was fol- 
lowed by healing of the duodenal lesions despite continuation of the injections 
of histamine The results also suggest the efficacy of such transplants in prevent- 
ing the development of duodenal erosion and ulceration during continued exposure 
to histamine 

The adequacy of most statistical methods for evaluating the lesults m the 
treatment for peptic ulcer is severely criticized by Hollander and Mage These 
authors give an excellent discussion of this phase of the problem of ulcer and 
present a statistical procedure of their own which appears to be satisfactory On 
the basis of such statistical studies, they analyze the surgical results in patients 
with duodenal ulcei who were subjected to subtotal gastrectomy during the years 
1923 to 1934 In this gioup, the average total incidence of recurrence was about 
9 per cent, a much higher figure than that which is usually considered A 
careful perusal of the points made by these authors is recommended to those who 
are interested in carrying out statistical studies Mage^^° subsequently carried 
out a statistical analysis of the cases of 600 patients with ulcer on whom subtotal 
gastrectomies had been performed in the last seventeen years In 502 patients 
with duodenal ulcer and 98 with gastric ulcer thus treated, there were 41 recurrences 
(all but 1 taking place in patients with duodenal ulcer), or approximately a 7 per 
cent incidence of recurrence Recurrence of ulcer was not noted before the 
expiration of a year postoperatively, and in the majority of cases it was found in 
the first four years following operation One recurrence, however, was recorded 
after twelve years of freedom from symptoms Of the entire group of resected 
specimens, 30 contained the ulcer, hence removal of the ulcer at operation is not 
a sine qua non for insuring success of subtotal gastrectomy No ulcers occurred 
in patients without free hydrochloric acid m the gastric secretion Subtotal 
resection created achlorhydria in at least 90 per cent of patients with gastric ulcer 
and in about 50 per cent of those with duodenal ulcer A final conclusion, with 
which the reviewer is in entire sympathy, is that “Radical resection is considered 
to be the best available operation for duodenal ulcer, but the present impression 
is that it leaves much to be desired ” 

The mortality subsequent to subtotal gastric resection for ulcer is relatively 
low Miller gives a mortality of 2 8 per cent in his entire group of 230 cases 
in which the operation was done This group comprised instances of all types of 
ulcei, including those complicated by gross and massive hemorrhage Lahey and 
MarshalH^^ cite a similar mortality of 2 7 per cent for all gastric, duodenal, 
and gastrojejunal ulcei s, exclusive of gastrojejunocolic fistulas A mortality of 
3 2 per cent is reported by them foi 251 subtotal resections for ulcers of all types, 
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and a 44 pel cent late for 46 consecutive subtotal lesections perfoimed soleh for 
gastiojejunal ulceis These authors rightly stress the wisdom of such radical 
surgical treatment as the only successful means of handling the particulai problem 
of gastrojejunal ulcer Experience seems to be unanimous that medical measures 
aie not effective m preventing chionic invalidism for patients with this condition 
Delgado cites an even lower mortality following gastrectomies on more than 
500 patients u ith ulcer This authoi claims that only 2 per cent of patients failed 
to survive the operation, and he mentions onl} 1 recurrent ulcer In new of 
Hollander's lemarks on a collection of statistics of late surgical results, it is 
pertinent to point out that of a group of 500 patients only 75 were followed, 
therefore, the statistical value of this particulai communication is invalidated 

Subtotal gastiectomy is far from a physiologic procedure, and it is true that 
man}'^ patients subjected to this form of operation are far from free of sunptoins 
in spite of the fact that specific sjmptoms of ulcer maj'^ be lacking Freeman and 
his collaborators attempted a detailed stud}' to determine the effect of complete 
lemoval of the stomach from growing monkeys Five of the 6 gastrectomized 
animals died within one hundred and tuent} -eight to one hundred and fift}-two 
days following gastrectomy Death was al\\a}s preceded by anorexia, lassitude, 
diarihea and dehydration, and in 1 instance there was presence of gross blood in 
the stools One animal suivived foi a year and a half but failed to gain weight 
The animal that lived the longest differed from its control as follows The emptying 
time of the uppei part of the small intestine was increased, the animal failed to 
gam weight, the serum phosphatase was increased, the serum calcium was 
decreased, the parathyioid gland was enlarged and contained large cells uith 
vacuolated cytoplasm , the stools were intermittently watery and foul smelling 
there was a diminution in the size of the skeleton 

Evensen studied alimentary hypoglycemia in 38 patients ho had been 
subjected to gastroenterostomies and in 95 who had had subtotal gastrectomies 
Of 100 control subjects, 7 per cent described hypoglycemic symptoms during 
dextrose tolerance tests Thirty per cent of those patients with gastroenterostomies 
had similar symptoms after dextrose tolerance tests, and 15 per cent of the group 
of patients on whom subtotal gastrectomies had been performed Evenson's 
investigations also levealed that the performance of any work after meals may be 
a contributing factoi to the pioduction of hypoglycemic symptoms in patients after 
operations on the stomach 

The effect of subtotal gastiic resection on gastric acidity was studied by Fnedell, 
Shaar and Walteis^'® These authors obtained a reduction of gastric acidity in 
75 per cent of the cases of duodenal ulcer for which this operation was performed 
and a relative achloihydna in all of the cases of gastric ulcei Histamine stimula- 
tion in many of the relatively achlorhydric patients still produces secretion of free 
acid The optimal amount of stomach to be removed would seem to be somewhere 
between one half and two thirds, according to Holman and McSwain Their 
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postopeiative lesults seem to indicate that removal of more than two thirds of 
the stomach does not increase to any important degree the number of patients 
with 1 educed acidity or anacidity 

In an attempt to evaluate surgical procedures Hinton discusses the intractable 
duodenal ulcer and expresses the opinion that the only true indication of intract- 
ability in cases of duodenal ulcer is constant pain He does not agree that pyloric 
stenosis as such is an indication for surgical intervention, and he feels that a 
stenosmg or obstructing ulcer not accompanied by pain does not require surgical 
intervention Such a statement seems overconservative and to require a definition 
of the term stenosis It is not infrequent to have a degree of pyloric stenosis 
sufficient to interfere with normal nutrition and still have no symptoms of active 
ulcer In these cases, it certainly would seem the part of wisdom to relieve the 
situation by an adequate surgical procedure Another statement that seems to 
require comment is that patients who will not cooperate under medical manage- 
ment should not be operated on Such an attitude hardly seems justifiable, inasmuch 
as there are many instances m which complete and adequate cooperation is 
impossible because of economic or social leasons, and in many of these cases an 
adequate surgical operation again is efifective although at times the results are 
much less satisfactory than m patients who fully understand their condition and 
the lequirements of medical treatment In a report by Collins and Ward over- 
conservatism against reasonable surgical intervention again seems to be apparent 
These authors review their experience with 29 jejunal ulcers, all postoperative 
They conclude that for the uncomplicated postoperative jejunal ulcer adequate 
medical treatment persistently carried out until healing is assured, with careful 
control of the patient’s regimen for an indefinite period afterward, constitutes the 
safest plan of treatment This does not coincide with the conviction of most doctors 
who are conversant with the problem of ulcer In most persons with postoperative 
jejunal ulcer recurrences are frequent and complications not uncommon Modern 
gastric operations when performed by adequately trained surgeons can be done with 
a minimum of risk and a maximum of postoperative health for this distressing 
postoperative complication Even under the best conditions of medical regimen 
few patients suffering from this type of ulcer fail to have recurrences 

One of the complications of gastroenterostomy is reported by Smith and 
Rivers,^®® namely, gastroileal ulcer These authors report 9 cases of gastro- 
ileostomy, an important but fortunately rare surgical error Gastroileitis was 
present in 1 of these cases and gastroileal ulcer in 3 The symptoms, as should 
be expected, were entirely similar to those of gastrojejunal ulcer 

The occasional indication for jejunal alimentation in the surgical management 
of peptic ulcer is discussed by Colp and Druckerman Jej unostomy foi 
alimentation was performed in a series of 51 patients suffering from recurrent 
peptic ulcer It was used as a preliminary, palliative, complementary and sup- 
plementary measure in the surgical treatment of peptic ulcer The indications for 
and clinical applications of this maneuver are fully described Such a procedure 
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IS not commonly used but for badl}^ depleted patients may offer an effective 
way of shortening convalescence and of avoiding seiious posloperation depletion 

Although not limited to the results of suigical tieatment of ulcer, the pioblein 
of intestinal distention complicating abdominal opei ation is an important one In a 
laige percentage of cases, gaseous distention of the intestine is due to swallowed 
an Proof of this is mentioned in an article by Singleton, Rogeis and Houston,^®- 
wdio note that patients with excision of the esophagus or wuth a complete stricture 
and gastrostomy feeding rarely have appreciable amounts of gas in the bowel 
The measures that are needed to combat postoperatne distention, wdiich is 
undoubtedly aggravated by the effects of anesthesia and preoperative and post- 
operative medication with morphine, are fairly well accepted, but these authors 
review in detail the various measures that are indicated and piovide an adequate 
guide for their lational use A complete discussion of the advantages and dis- 
advantages of gastric suction befoie and aftei operation is also to be found in this 
article Gastric retention postoperative!}' frequentl} has been attributed to the 
edema associated with hypoproteinemia That such edema may play an important 
role when localized in an anastomotic stoma is indisputable For this reason 
the attempt by Chauncey and Gray to estimate the actual role played by the 
concenti ation of the serum proteins in the production of gastric retention is ot 
interest These authors studied groups of postoperative patients in whom dis- 
tention w'as piesent or failed to occur after operation w'as performed on the upper 
portion of the gastrointestinal tract They found that the fluctuation in amount 
ot gastric retention was not paralleled in any way by fluctuations in the concen- 
ti ation of serum protein or of the albumin fraction oi in the colloidal osmotic 
piessure of the serum The retention frequently diminished and disappeared with 
a coincidental decrease in the osmotic pressure and in the concentration of protein 
The presence of clinical edema caused by hypoproteinemia was noticed post- 
operatively at the same time gastric retention finally disappeared Such findings 
would tend to throw doubt on the importance of the role played by hypoproteinemia 
in postoperative gastric retention Unfortunately, a proper estimate of other 
variables conducive to the formation of edema in an operative stroma were not 
available These variables would include the degree of activity of the ulcerative 
piocess at the time of operation and the actual administration of w'ater and 
electrolytes m relation to the presence of variations in serum protein 

A realization on the part of surgeons that more rapid mobilization of patients 
operated on for diseases of the digestive tract may be a proper therapeutic procedure 
is evidenced in the articles by Joseph and Gonzalez-Bueno In a discussion 
of the treatment of acute dilatation of the stomach following operative piocedures, 
Joseph observed that all patients in whom this condition developed had onl} one 
common factor — namely, enforced confinement to bed following the operative 
procedure In the presence of acute postoperative gastric dilatation, he has m 
recent years proceeded to stand the patient upright and aid him in taking a few 
steps, in spite of obvious postoperative weakness and depletion The treatment 
apparently was successful in correcting the condition Gonzalez-Bueno goes so 
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far as to insist that patients should leave the opeiating table on their own feet 
He reviews 74 consecutive laparotomies in which the postoperative treatment was 
ambulatory, the operations being on the stomach, the biliary tract, the livei oi 
the intestine Newburger contributes a similar point of view in a study of the 
influence of exercise on wound healing in rats Standardized laparotomy wounds 
were produced in rats at intervals of three, five and ten days The strength of 
the wounds was determined in animals which were kept at rest and in others which 
were exercised Exercise rather than immobilization was found to hasten the 
increase in tensile strength of the experimental abdominal incision Such a 
conception of postoperative care is worthy of serious thought, even if modifications 
and exceptions are needed There can be little doubt that prolonged and absolute 
immobilization is the ideal procedure for the production of many postoperative 
complications 

The preceding comments have had chiefly to do with the surgical approach 
to the problem of ulcer It is still true that the vast majority of patients with 
ulcer should be managed by medical procedures, but theie is little that is novel oi 
untried in the current literature Various reports on antacid therapy by the use of 
alkalis, colloidal aluminum hydroxide and various drip methods are to be found but 
deseive little more than passing comment Rossett and Flexner,’^®’^ after con- 
tinuous recordings of the gastric pn m situ, conclude that milk or aluminum 
hydi oxide in adequate dosage best fulfils the physiologic criteria of an ideal antacid 
The efficacy of the drip method in the reduction of gastric acidity is reviewed 
by Cornell and his associates,^®® who claim that this method possesses advantages 
over the intermittent procedures by a more effective control of night pain, reduction 
in the time of hospitalization required for healing of the ulcer, and the possibility 
of administering an adequate diet with simultaneous continuous control of mtei- 
digestive gastric secretion In difficult cases there seems little reason to doubt 
that the drip method, with use of milk or a colloidal gel, is extremely effective, 
but there is still reason to believe that it represents an unnecessary lefinement 
in most simple cases of duodenal ulcer 

In view of possible difficulties secondary to the rationing of food, a note by 
Nye^so jg passing interest He stresses the nutritional and also the piactical 
value of a free use of potatoes in the diet for patients with ulcer, because of their 
large content of minerals and of vitamins A, and C and then alkaline reaction 

The current use of ammo acids, particularly foi undernourished, depleted 
patients suffering fiom gastrointestinal disease, has led to a study of the effect of 
the oral administration of a solution of a mixture of amino acids on gastric acidity 
by Levy and Siler These authors show that an orally administered mixture of 
ammo acids is an effective buffering agent when introduced into the stomach 
Free acid is consistently reduced, and peptic activity is reduced to a minimum 
The mixture can be given safely to normal persons without the mildest discopifort, 
and in the treatment of ulcer, even in the presence of bleeding, its use seems justified 
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Kiisner and Palmer continued their studies on the alkalosis developing during 
“Sippy” treatment The results m a large number of patients with ulcer indicate 
that alkalosis complicating Sippy treatment with calcium caibonate can be prevented 
in almost all instances by the concurient admimstiation of adequate amounts of 
sodium chloride The therapeutic action of sodium chloride they attribute largely 
to the inci eased excietion of base bicarbonate in the urine, at the expense of 
the bicaibonate in the blood, after the admimstiation of salt In occasional cases 
sodium chloride theiapy was apparently not only inadequate to forestall the 
development of alkalosis but insufficient to correct the acid-base disturbance Thei 
believe it possible that in these few cases insufficient amounts of salt were given 
and the excretion of the amount of bicaibonate in the urine was retarded by 
antecedent impaiiment of renal function In a separate article they record 
an unusual incidence of extreme tolerance to massive quantities of sodium 
bicarbonate Their case was that of a patient vith ulcer who had been twice 
hospitalized because of massive hemoi rhage Studies of renal function gave normal 
results, and the administration of 32,000 Gm of sodium bicarbonate in twenty 
months produced no marked alteration in the acid-base balance and no decrease 
m the urea clearance 

Waiien, Front, and Kirsner studied the effect of antacid therapy on the 
peptic activity of gastric juice in a group of persons, including several patients 
with ulcer Their results indicated that the inhibition of peptic activity in man 
appears to be related to the increase in of the gastric juice toward neutrality 
but that for a given pH aluminum hydroxide apparently exerts a greater antipeptic 
effect than calcium carbonate The treatment of peptic ulcer witli milk and cream, 
in frequent small feedings, and either calcium carbonate or aluminum hydroxide 
reduces the peptic activity of human gastric contents 

Confirmation of the results previously reported by Palmer and his associates 
on the effect of irradiation of gastric acidity is to be found m an article by Jenkins 
and McGeorge A heavy dose of intragastric radiation was produced bj the 
use of radium needles secured at the end of a stout rubber tube and swallowed by 
the patient Reduction in the acidity and volume of the gastric juices following 
irradiation was demonstrated in 13 of the 14 patients with ulcer treated, and 
clinical improvement accompanied chemical changes in the gastric juice Such 
a procedure would seem to be unnecessarily clumsy by comparison with the 
deep roentgen therapy practiced by Palmer, and the results were no better These 
authors, like Palmer, found that gastric acidity does not remain at a low level 
indefinitely after irradiation but that it gradually tends to rise again toward normal 

The effect of endocrine therapy in gastroduodenal ulceration has been investi- 
gated in human beings by Abrahamson, Church and Hinton These authors 
point out that males and females have an approximately equal number of peptic 
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ulceis befoie pubeity when their hormonal balance is as yet not well established 
Following puberty and syiichionously with the change m the androgen-estrogen 
ratio, the peptic ulcer ratio changes to 9 males per 1 female Peptic ulcei occurs 
fiequenlty in females during and immediately following the menopause Because 
of these facts, a gioup of male patients with duodenal ulcei who previously had 
responded unsuccessfully to other forms of therapy for ulcer for a year or longer 
weie placed on daily injections of varying doses of estrogen substance (estione in 
oil) The results of this treatment appeared to be favorable in that theie was a 
higher percentage of remissions than is usual in controls (82 per cent) Of 
greater impoitance is the fact that healing of the duodenal lesion occuried m 
nearly half of the subjects, in spite of a definitely increased free and total acidity, 
a point which casts some doubt on the view concerning the relationship between 
the healing of a duodenal ulcer and measures directed toward lowering gastric 
acidity These same investigators also observed the effect of thyroid and thyroxin 
medication m a group of patients with ulcer No conclusive results were obtained 

Miscellaneous Gastnc Conditions — Miscellaneous and odd gastric lesions are 
worthy of short comment A report by Biowne and McHardy on the pseudo- 
cascade stomach is of importance largely in differentiating this condition from the 
“hourglass” stomach, with which it is frequently confused in the American 
literature In a cascade stomach the upper portion of the stomach is a flaccid, 
posteriorly flopped sac devoid of peristalsis , the lower, and mam, portion of the 
stomach is a normal peristaltic organ Characteristically the upper portion fills, 
and the contents cascade over into the lower portion with changes in position, 
especially when the patient lies on the left side A transitory type may occui 
occasionally, due to spasm of the oblique muscle of the stomach, to an organic 
defect caused by a gas-filled splenic colon displacing an abnormally fixed oi 
ptosed stomach or to a benign or malignant intragastnc deformity The diagnosis 
IS roentgenologic In the case reported by these authois the cardiac portion of 
the stomach was markedly distorted and cascading was produced by distention 
of the splenic flexure with am A mild superficial gastritis m the cardiac loculus 
was piesent Laparotomy showed adhesions along the lessei curvatuie and pait 
of the anterior gastric wall, producing a short gastrohepatic ligament and fixation. 
Section of the adhesions permitted a good recovery and freedom from symptoms 
a year latei A somewhat similar example of cascade stomach is repotted by 
Charbonnier,^'”' m which biloculation of the stomach was caused by the transverse 
colon pressing against it from behind At operation, a thick, fibrous band, lunning 
from the region of the abdominal wall near the spleen toward the splenic flexure 
and constricting the descending colon immediately below the flexure, was found 
Division of the adhesions immediately reestablished normal gastric and colonic 
1 elationships 

Gastiic diveiticulum is uncommon, although it has been known since 1774 
Sixty-five per cent of the diverticula occur in the greater curvature at the cardiac 
end of the stomach, according to Love,^”® who reports such an anomaly A 
detailed study of 35 cases of gastiic diverticulum is piesented by Tracy One 
case in particulai is of intei est, m w Inch a prepjdoric diverticulum caused recui rent 
gastnc obstruction 
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Prolapsed gastric mucosa causing symptoms of pyloric obstruction has been 
recognized by roentgenologists for some years Diagnoses aie not common, how- 
ever, and accordingly the report of 4 cases by Melamed and Hiller is of 
interest In 1 instance severe melena arising fiom 2 ulcers on the prolapsing 
mucosa was the first outstanding symptom One of these ulcers w'as demonstrated 
roentgenologically 

Interesting case reports of tuberculosis of the stomach and syphilis of the 
stomach, respectively, are recorded by Hartz and van der Sar and by Palmer 
and his associates Roentgen studies on 225 patients with pellagra are reported 
by Diaz-Rubio and Roldan The most noteworthy feature obser\^ed by the last- 
mentioned authors was diminution of gastric peristalsis, which often gave rise to 
great dilatation and retarded evacuation of gastric contents The mucosa w'as 
atrophic m over two thirds of the cases, but m about one fourth the roent- 
genologic appearance of the stomach was normal as regards tonus, peristalsis, 
evacuation and mucosal relief, in spite of the fact that pellagra w’as fully developed 
There W'ere some cases in which no relationship existed between the severity 
of the changes and the gravity of the clinical picture, but in 59 patients, on whom 
at least three studies were made, there was a close parallelism between the clinical 
pictuie and the intensity of the roentgenologic signs 

Autopsy studies on the stomachs of patients dying from pernicious anemia were 
made b) Cox"®^ In 2 instances the patients had had continuous successful liver 
therapy for ten and thirteen years, respectively, and there was no anemia at the 
time of death Results of the examinations showed that almost complete replace- 
ment of the normal mucosal glands, of the fundic type, by abnormal, less dif- 
ferentiated glands had taken place The pyloirc zone was only slightly altered 
No relationship could be found betw'^een the appearance of the stomach and the 
duration of the disease or of the treatment The stomach from a well studied 
case of long-standing sprue wnth fatal macrocytic anemia showed no comparable 
change The authors suggest that the gastric lesions in cases of pernicious anemia 
are different from those accompanying other diseases and may represent a specific 
change, possibly the result of massive destruction of the highly differentiated 
parietal and chief cells Such histologic observations are of interest inasmuch as 
they indicate that the gross regeneration of the gastric mucosa, which can be 
leadily demonstrated by gastioscopy following successful therapy of pernicious 
anemia, must represent a leplacement of the highly differentiated mucosal cells 
by others that are functionally different The difference between these changes 
in pernicious anemia and those occurring in sprue are commented on in detail by 
Olleios^®® Like patients with pernicious anemia, the vast majority of patients 
with tiopical sprue show invasion of the stomach by the giam-negative flora of the 
large intestine The mucosal atrophy observed in the gastroscopic examination of 
patients with sprue is less marked than that occurring in pernicious anemia in 
temperate climates Patients with tropical sprue eliminate neutral red by the 
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gastric mucosa, even when there exists a histamine-resistant achylia This is 
suggested by the author as a means of differentiating between tropical sprue and 
pernicious anemia 

Cancel of the Stomach — The difficulty in obtaining early diagnoses of gastric 
cancer is a perennial one Too frequently the diagnosis is not made early because 
of carelessness and an inadequate history Some of the difficulties in the roent- 
genologic diagnosis of gastric cancer are outlined by Kirkhn,^°° who presents a 
thorough discussion of the entire subject of roentgenologic diagnosis of gastric 
cancer He correctly points out that roentgen examination will exhibit any gastric 
lesion that is capable of producing symptoms or that can be seen macroscopically, 
and failure to discern it should be charged to the examiner, not to the method 
Cancer of the cardia is particularly likely to be missed unless the region of the gas 
bubble is inspected closely More common are the failures or mistakes in dif- 
ferential diagnosis of cancer from benign lesions Klirklin states that most mis- 
understandings could be avoided if to the roentgenologic diagnosis of benign tumoi 
weie added the caution that such tumors are partly malignant, and to the diagnosis 
of gastric ulcer the reminder that about one tenth of such ulcers, even though 
they appeal roentgenologically benign, are cancerous 

The gastroscopic diagnosis of gastric cancer, although a tremendous additional 
help, is also subject to serious error Schiff discusses gastroscopic examinations 
in 78 cases of proved gastric cancer In 53 cases the lesion was seen and correctly 
diagnosed, and in 7 gastroscopic examination was the sole means of revealing 
the presence of the tumor In 17 instances technical difficulties prevented 
visualization of the lesion, and m 9 it was mistaken for a benign gastric ulcei 
Similar difficulties are reported by Fieedman and his associates, 2 °® who recoid 
5 cases in which the roentgenologic and gastroscopic appearance of localized chronic 
hypertrophic gastritis simulated carcinoma of the stomach Moersch and Weir 
cite an unusual difficulty confronting the gastroscopist, namely, differentiation 
between prolapsed mucosa and gastric carcinoma 

The question of the causation of gastric cancer is discussed by various 
investigators and clinicians Nettleship points out the peculiarities of the 
gastric mucosa of man and compares it with that of other species The precancerous 
conditions of the mucosa are then described, and special consideiation is given 
to the concept of the possible origin of gastric cancer from a chronically damaged 
mucosa The author expresses the belief that long time factors are involved 
m the pioduction of human cancer and assumes that this time factor will have to 
be duplicated experimentally Experimental agents must be used to stimulate those 
conditions of the gastric mucosa most commonly found associated with human 
gastric cancer, 1 e pol} ps, chronic gastritis and ulcer Stout focuses attention 
on the piecancerous stomach, the gross foims assumed by early carcinoma, its 
method of spread and its differentiation from other kinds of gastric lesions On 
the basis of an examination of over 400 specimens, he states that it is entirely 
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unknown and unpi oved whethei oi not there is a consequential relationship between 
so-called chronic gastritis and its glandulai changes and gastric cancer He too 
stresses the importance of the directional growth in different carcinomas and the 
need for looking foi cancer m stomachs with gastritis, peptic ulcer or adenomatous 
oolyps 

The relationship between cancel and atrophic gastritis has been stressed b} 
Schmdlei and others, but, as already noted, no causative connection has been found 
between the two conditions Guiss and Stewart conclude, from a study made 
on a large number of stomachs obtained immediately or a few hours after death, 
that the claim that chronic atrophic gastritis is a precancerous lesion is unsupported 
by their observations Atrophic changes in the stomach represent a common con- 
dition of advanced age, and both atrophy and cancer appear to be common in 
aging organs, but no causal relationship was found Judd also has undertaken 
a histologic study of the residual lesions of ulcerative gastritis, m tr} mg to determine 
a possible relationship to the development of cancer In addition to the micioscopic 
study of 200 carcinomas of the stomach removed at operation or necropsy or 
both, 78 control specimens obtained from a “younger” and a “comparable ’ age 
group were examined The frequent occuirence of certain residual lesions in 
carcinomatous stomachs was compared to the occurrence of such lesions in non- 
carcinomatous stomachs The fundamental difference between the h\o is the 
lelative lack of mucous cell hyperplasia m the latter Essentially similar lesions 
occurring at a distance from a gastric caicmoma suggested to the author that the 
entire gastric mucosa had undergone change and that much time had been taken 
toi this to occur He concludes that carcinoma develops m a previously damaged 
stomach An interesting observation is that reported by Jankelson and associates 
m a study of the relationship between atrophic gastric mucosa and carcinoma ot 
the stomach Eighteen patients, chiefly women between the ages of 30 and 50, 
uere caiefully studied over two years, and no other pathologic change than the 
ati opine gastritis was found In 2 instances a polyp developed during the period 
of observation Such an occurrence is remarkable and warrants the authors’ 
conclusion that atiophy of the gastric mucosa, with or without pernicious anemia, 
should be considered as a potential precancerous lesion They believe that the 
development of a cancer of the stomach is probably by way of a polyp and is 
almost invariably preceded by achlorh}dna An additional study was made ot 
100 clinically pi oved cases of peinicious anemia, m which were found 4 proved 
cases of cancer of the stomach Doehring and Eusterman report 17 cases of 
cancel of the stomach encountered in a total of 1,014 cases of pernicious anemia, 
an incidence of 1 7 pei cent The development of pernicious anemia pieceded the 
diagnosis of cancer b}^ an aveiage interval of almost nine years, a fact that piobably 
accounts for the present increasing frequenc}^ of gastiic cancer m association with 
pernicious anemia An unusual occuirence is that leported by White of simul- 
taneous cancer and tuberculosis of the stomach m a case of pernicious anemia 
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The lattei condition had existed foi twenty years prioi to the development of the 
two supei imposed conditions 

An autopsy study by Saphir and Parkei on the linitis plastica type of 
caicinoma was undertaken to see whether the investigation of a large amount of 
autopsy material would disclose diseases other than carcinoma which might cause 
linitis plastica They ariived at the conclusion that it is questionable whether 
linitis plastica, m the sense of a purely inflammatory lesion, exists No single 
instance was observed among 6,520 autopsies In the 26 cases of carcinoma of 
the stomach of the linitis plastica type, careful histologic studies were made, and the 
details are given in the article, the chief characteristics being the presence of sub- 
acute and chronic inflammation, with much fibrosis and hyahnization An 
important clinical fact brought out is the notation that the interval between the 
onset of symptoms referable to gastric’ disordeis and death m these cases was 
uncommonly short as compared with that m the control group of cases of miscel- 
laneous gastric carcinomas, also, that the postoperative survival period of 15 
patients who weie operated on seemed extremely short, eleven days oi less 

An important estimate of the prognosis and end results m the treatment of 
cancer of the stomach is to be found m an article by Walters, Gray and Priestley 
In a senes of 10,890 cases observed at the Mayo Clinic slightly moie than half 
the patients were considered to be operable, a figure that m recent years has risen 
to about two thirds of those presenting themselves with this malady About 
one quarter of the patients in the large series considered operable were found to 
have removable lesions, although m 1942 this was true of only one third of 
the numbei The recent moitahty late was just undei 11 per cent Of those 
patients who underwent resection and survived the immediate postoperative period, 
nearly 30 per cent were alive at the end of five years, and over 6 per cent lived 
twenty-five years or longer These figures show the increasingly favorable 
prognosis for this serious disease once the diagnosis is established 

The results of surgical treatment for cancer of the caidiac end of the stomach 
have been immeasurably improved since the introduction of transthoracic lesection 
of these tumors Churchill and Sweet report 21 cases m which a tumor at 
the junction of the stomach and the esophagus was operated on by the tians- 
thoracic appioach Resection of the growth was done m 13 cases, with an 
esophagogastric anastomosis in 11,8 patients were well and fi ee of symptoms from 
two months to two and one-half years after the operation 

A lather surprising record of surgical success m the treatment of cancer 
of the stomach in aged persons is presented by Bowers He reports operative 
piocedures on 104 persons who weie over 60 years of age The mortality rate 
following resection was 9 pei cent for those ovei 60 From a study of 9 illustrative 
cases. Bowers believes that fai fiom hopeless results may be anticipated m aged 
patients with carcinoma of the stomach, and that with early recognition of the con- 
dition and proper pieparation, opeiation can be safely done with results, if any- 
thing, better than m younger age gioups That the most radical form of gastric 
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operation is possible in the aged is evident from the report of Gillespie,--* who 
operated on a man of 79 for carcinoma of the stomach and performed a total 
gastrectomy The patient made an uneventful convalescence 

Less than 150 cases of true total gastrectomy for cancer have been reported 
That such an operation is consistent with a relatively long survival period is evident 
from 2 cases reported by Joll and Adler"-** Survival times of three years and 
two months, and two yeais and six months are reported m 2 of these authors’ 
cases, in which the entire stomach, including the distal portion of the esophagus 
and the proximal portion of the duodenum, was removed because of cancer 

Foi patients considered inoperable, radiation therapy may achieve palliation of 
symptoms Raven --® repoi ts 34 cases m which the disease was so advanced that 
only palliative measures were possible Radon seeds were implanted in the 
growth at laparotomy, and the abdomen Vas closed without drainage Radiation 
sickness w'as common owing to the close proximity of other vital organs, but life 
was apparcntl}’’ prolonged well beyond the period that w’ould have been expected 
had the patients received no treatment Symptoms w ere relieved in many instances 
Three patients survived more than one year 

Acute perfoiation of gastric cancer is relatively uncommon 1935, about 
80 cases had been reported Garcia Baron"-* w'as able to find only 3 perforations 
of cancel in a twelve year period, although at the same time 400 cases of perforated 
ulcer w'ere encounteied Surgical intervention w'lth closure is the obvious procedure 
A curious clinical note is that of Garden, ""' wdio tells of a case of intractable 
generalized piuritus of thiee years’ duration m an elderly person m wdiom carci- 
noma of the stomach was finally discovered The itching of the skin was cuied 
by successful surgical removal of the cancer 

Certain fundamental metabolic studies on patients wuth cancer of the gastro- 
intestinal tract have been made by Ariel and his collaborators ""® In one reported 
study 6 patients wuth neoplastic lesions of the extremities were used as controls 
and 6 patients with gastrointestinal cancer w'ere studied by means of the ammo- 
acetic acid tolerance test Delayed absorption of ammoacetic acid followed the 
ingestion of 25 Gm of that amino acid, and high peaks of plasma amino acid 
nitrogen curves w'eie obtained for patients w'lth gastric cancer, which suggest a 
delayed rate of utilization After removal of the stomach from a patient with a 
gastric cancer, a rapid high peak of the plasma ammo acid curve was obtained, 
this indicates that the presence of the cancer contributed to the slow absorption 
but not to the impaiied utilization of ammoacetic acid The defective absorption 
and metabolism of the end product of piotein digestion m patients with gastric 
cancer may contribute to the hypopiotememia so frequently exhibited by these 
patients In another article, the authois conclude that patients with gastrointestinal 

221 Gillespie, M G Gastrectomy for Carcinoma Case Report of Oldest Patient to 
Survive, Am J Surg 57 348, 1942 

222 Joll, C A , and Adler, D I Long Survival After Total Gastrectomy A Brief 
Review with a Report of Two Cases, Brit M J 2 632, 1942 

223 Raven, R W Inoperable Gastric Cancer Treatment with Radon Seeds, Lancet 
2 335, 1942 

224 Garcia Baron, A Acute Perforations of Malignant Tumors of the Stomach, Re\ 
dm espan 5 96, 1942 

225 Cardon, L Generalized Pruritus Due to Carcinoma of the Stomach and Cured b\ 
Gastrectomy, Am J Digest Dis 10 63, 1943 

226 Ariel, I , Jones, F , Pack, G T, and Rhoads, C P Metabolic Studies in Patients 
with Cancer of the Gastrointestinal Tract XII The Glycine Tolerance Test in Patients with 
Gastric Cancer, Ann Surg 117 740, 1943 Abels, J C , Ariel, I , Rekers, P E , Pack 
G T , and Rhoads, C P Metabolic Abnormalities in Patients with Cancer of the Gastro- 
intestinal Tract A Rcmcw of Recent Studies, Arch Surg 46 844 (June) 1943 
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caicmoma suffer from seveial metabolic abnormalities which may endangei their 
operative and postoperative course Many of these abnormalities probably are 
1 elated to hepatic insufficiency, which probably is induced by the presence of the 
gastrointestinal neoplasm The removal of the cancer often is followed by a 
disappearance of the metabolic dyscrasias, principally that which involves the 
fabrication of serum protein However, hypoproteinemia is a frequent occurrence 
and may persist well into the postoperative period Total, and perhaps subtotal, 
gastiic resection, although necessary for the surgical treatment of the patient, may 
institute a new metabolic disturbance, steatorrhea and consequent loss of weight 
The importance of replacement therapy for such conditions is obvious 

Noncancejous Tumois of the Stomach — Because of the relatively infrequent 
occurrence of noncancerous tumors of the stomach and the difficulties inherent in 
their diagnosis, reference will be made to the following articles Multiple gastric 
polyps present no characteristic symptoms, but epigastric pain and tenderness 
appear to be rather common, and bleeding occurs as a frequent concomitant A 
total of 121 such cases culled from the literature is reviewed by Pearl and Brunn 
Symptoms of pyloric obstruction were encountered, and several patients had noted 
symptoms over more than twenty years The condition was frequently overlooked 
by the roentgenologist Malignant degeneration was common 

The existence of diarrhea in association with a benign tumor of the stomach 
has been frequently noted Proof that the gastric lesion is the cause of the intestinal 
symptom, however, is usually not possible Culver and his associates cite 
the case of a woman of 35 who complained of persistent diarrhea for one yeai 
prior to the diagnosis of a benign polypoid tumor of the stomach Surgical 
1 esection was followed by good recovery and complete cessation of symptoms 
The relatively frequent occurrence of gastrointestinal bleeding in the presence 
of intraluminal tumors of the stomach is emphasized by Sahler and Hampton 
m an excellent article dealing principally with the diagnostic features to be shown 
by the roentgenologist The discussion is based on a study of 24 intramural gasti ic 
tumors, including leiomyoma, leiomyosarcoma, fibroma, fibrosarcoma and lymphoma 
In all but 3 cases theie were fairly adequate roentgen examinations Bleeding was 
the most impoitant common symptom The diagnostic value of gasti oscopy is 
sti essed 

O’Donogue and Jacobs leview the literature on lymphosarcoma of the 
stomach, of which less than 500 cases have been recorded A case report is given 
of a patient in whom an erroneous preoperative diagnosis was made of cancer of 
the stomach The resected specimen showed reticulum cell sarcoma, a form 
constituting about half of all lymphosarcomas of the stomach The authors 
conclude that lymphosarcoma constitutes from 1 to 2 per cent of all gastric 
malignant growths, that it occurs at an earlier period of life than does carcinoma, 
that It metastasizes late and that it responds more favorably to surgical removal 
than does carcinoma Recognition of lymphosarcoma of the stomach secondary 
to a distant focus is difficult, but such lecognition is important because of the wisdom 

227 Pearl, F L, and Brunn, H Multiple Gastric Polyposis A Supplemental Report of 
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228 Cuher, G J , Westinghouse, W, and Koenig, E C Report of a Case of Benign 
Gastric Polyp Producing a Gastrogenic Diarrhea, Ann Int Med 17 1015, 1942 
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of avoiding unnecessary surgical inteivention in cases of this condition Thiee 
cases, 1 of the authors’ own, are reviewed by Buschke and Cantril - * 

An extremely raie condition is reported by Selman,-^- who operated suc- 
cessfull}’- on a benign tridermal teratoma in a child 4 months old 

A presentation by Lemmer of the case of a 44 yeai old w oman who was 
found to have a carcinoid tumor of the stomach is mentioned to cal! attention 
to the occurrence of a fairly common type of tumoi in an uncommon location 

Umisml Tumors of the Small Bowel — Nonulcerative disease of the duodenum 
IS not particularly common, and in many instances anatomic variations from the 
noimal, though demonstrable, produce no symptons Certain conditions, how- 
ever, are noted from time to tune that are the cause of more or less serious symptoms 
and for this reason wariant mention Congenital atresia of the duodenum is far 
from common, and successful surgical intervention for it is still rare Ward and 
Coopei report a successful duodenoduodenostomy on a newborn infant foi 
atiesia of the second portion of the duodenum Only 14 instances of survival have 
been reported in the literature on this condition The results of the operation 
Avere successful, and the clinical improvement in this case is in marked contrast 
to the result of any kind of surgical treatment of so-called duodenal ileus A similar 
example of the same condition is reported by Wng and Clagett,*®® in which a 
successful posterior gastroenterostomy w'as performed on a 15 day old infant 
Atiesia was not absolutel}'^ complete in this instance and involved the lower portion 
of the duodenum A third instance of complete atresia is reported by Impink and 
Clammer®®" In this instance, a duodenojejunostomy performed fifty hours aftei 
birth was unsuccessful because of pulmonary complications 

Dilatation of the bowel and hypertrophy of its walls in the absence of obstiuction 
or inflammation occur m cases of megacolon, but a similar condition m the small 
intestine is most unusual Such a case is described by Brown and Pemberton 
Three years after an operation for a correctly diagnosed duodenal ulcer, a new 
type of abdominal distress, midabdominal pain not relieved by food, Avas obserA’^ed, 
and a roentgen examination at this time shoAved slight dilatation of the distal 
portion of the duodenum Because of the peisistence of symptoms m spite of treat- 
ment, an operation was done, and an enteroanastomosis AAas made betAAcen the 
first part of the jejunum, Avhich was dilated, and a normal loAvei portion After 
the operation symptoms continued and vomiting increased Roentgen examina- 
tion after a barium sulfate meal shoAved dilatation of the entire jejunum, more 
marked than before operation Subsequently a third operation AA^as performed, Avith 
lesection of 78 cm of enoimously dilated jejunum The specimens shoAved sub- 
acute jejunitis with multiple ulceiations It could not be detei mined Avhethei the 
abnormal condition of the duodenum and jejunum AA^as a piimary dilatation and 
hypertrophy oi whethei it Avas an inflammatory piocess 
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An exceedingly laie cause of pain arising from partial obstruction in the 
duodenum is described by Brooks and Weinstein Nausea, vomiting and 
questionable jaundice caused the patient to enter the hospital fifteen years after 
an acute cholecystitis with drainage The recurrent attacks of nausea and vomiting 
piior to his admission at this time were thought to be due to a peptic ulcer, but 
because of the seventy of the symptoms exploration was done The first 2 feet 
(60 cm ) of the jejunum showed marked hypertrophy and dilatation One inch 
( 2 5 cm ) from the pylorus was a large polypoid mass, which when delivered 
thiough the incision in the duodenum was found to be attached to the posterior 
wall of the descending portion of the duodenum The tumor appeared to be a 
cyst of the ampulla of Vater, with symptoms due to intussusception of the cyst 

An equally unusual cause for vague epigastric distress associated with diarrhea 
and occult blood in the stools is described by Shackleford and his associates At 
opeiation the patient was found to have metastatic myosarcoma of the ampullaiy 
portion of the duodenum She had had a myosarcoma of the uterus removed four 
\ears before The operation was immediately successful 

Carcinoma of the duodenum has been reported from time to time but is 
infiequent enough to warrant mention Three cases are reported 1 case of 
caicmoma of the duodenal bulb, and 2 of carcinoma involving the third (mfra- 
papillary) portion of the duodenum, by Hartzell,^^° Berger and Koppelman and 
Duff and his associates,^^- lespectively The majority of such tumors are around 
the papillae of Vater 

Three cases of pi unary adenocarcinoma of the jejunum (Sangster , Kahn and 
Bay may be added to the gradually increasing list of these rather uncommon 
tumoi s 

The loentgen diagnosis of lesions involving the ileum, the cecum and the 
pioximal portion of the ascending colon is discussed by Pendergrass and Chamber- 
iin 24 s authors piesent a few instances in which the clinical and roentgen 

findings were equivocal as regards the diagnosis of early lesions involving this 
aiea They suggest certain points noted in their cases, which may be of aid in 
the pioper analysis of similar problem cases Three methods of study aie 
described as ways of ai riving at a precise diagnosis roentgen examination after 
a barium sulfate meal, examination after an opaque double contrast enema, and 
study of the intestine with the Miller-Abbott tube 

Only m recent years has it been recognized that argentaffine tumors may 
pioduce clinical symptoms and assume all the properties of malignant growths It 
IS not generally accepted that caicmoid tumors arise from the crypts of Lieber- 
kuhn These cells are found throughout the gastrointestinal tract but are most 
abundant m the appendix and the terminal portion of the ileum Interesting case 
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leports of single and multiple tumois of this nature by Pennington and Piiestlev,-^® 
Millei and Herrmann and Gold and Grayzel may be mentioned 

Records of other lare tumois of the small intestine include cases of hemangioma 
of the ileum, metastatic melanotic sarcoma of the ileum and primary Hodgkin’s 
sarcoma of the jejunum In addition to several individual case reports of pllmar^ 
lymphosarcoma,^®" a fairly complete discussion of this type of disease is presented 
by Usher and Dixon"®® and by Weber, Kirklin and Pugh®®' The incidence ot 
lymphosarcoma is discussed, over one third of the growths being found in the 
jejunum and ileum and the remainder m the colon Colicky pain, loss of weight, 
anemia and a palpable abdominal mass are fairl) characteristic sjmiptoms Ulcei 
and perforation are rare and intussusception infrequent Chronic or subacute 
obstruction is not uncommon, this is not surprising, since the average diametei 
of the tumors repoited is between 5 and 10 cm The best prognosis seems to be 
for Ij-mphosarcoma of the cecum The details of roentgenologic diagnosis are 
included in the second article mentioned, but the authors are careful to conclude 
that they can offer no suggestions as to how roentgenologically to distinguish 
Ijmiphoblastoma fiom other lesions of the gastrointestinal tiact 

Regional Ileitis — ^The consensus at piesent seems to be that regional ileitis i*; 
essentially a surgical disease The diagnosis is dependent almost entirely on 
adequate roentgenologic studies, although the clinical couise at times is very sug- 
gestive Both Sussman and WachteP®'* and Strombeck ®®° emphasize striking 
differences in the picture obtained in the acute and chronic phases The former 
authors believe that roentgenologic diffeientiation from a deficiency pattern is 
difficult m the acute phase of the disease, but Strombeck states flatly that acute 
ileitis has a characteristic roentgen picture The latter describes the findings m 
detail and states that in acute ileitis the outline of the mucous membrane m the last 
10 to 15 cm of the ileum is uneven and edematous The mucosal swelling is 
most pronounced next to Bauhm’s valve, the tw'o lips of which sometimes are 
considerablj'’ swollen and bulge into the cecum The mucosal relief m the terminal 
portion of the ileum is high and iriegular, and a w^alnut-sized filling defect is 
seen at the site of the valve He states that loentgen examination can be of great 
value m differentiating acute appendicitis from acute simple terminal ileitis m 
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children and young people, but it is probable that most clinicians would prefer to 
avoid the use of barium sulfate under such acute conditions The chronic stenosing 
foim of the disease is more easily diagnosed in most instances, except when it is 
necessary to rule out ileocecal tuberculosis 

Ginzburg and Garlock state that much of the confusion surrounding indica- 
tions for therapy (medical veisus surgical treatment) of this disease arises from 
the failure to diffeientiate between the localized form, wdnch is confined to the 
distal 4 or 5 feet of ileum, and the more generalized type, m which the distal 
involvement is only part of a generalized enteritis They suggest that the term 
"distal ileitis” be substituted for "regional ileitis,” and they believe that this type 
is essentialy amenable to surgical treatment On the basis of their own experience 
they believe that the symptoms of "distal ileitis,” as a rule, are markedly ameliorated 
by ileocolostomy with exclusion, rather than resection Lahey and Sanderson 
definitely prefer radical resection for the ileum, ascending colon and hepatic flexure 
as the treatment of choice, and this view is generally held among surgeons 

A plea for conseivatism in the surgical management of acute regional 
enteritis is voiced by Smithy,^®'* who reports on a small group of patients managed 
by simple exploration and appendectomy None showed progression of the 
disease He states, as do others, that a strong tendency toward spontaneous healing 
IS present m certain instances of acute regional enteritis, and he advocates con- 
servative management m many cases He makes the reasonable suggestion that 
m order to detect the occasional case in which there is a tendency for the condition 
to progress to chronic regional enteiitis, conscientious obseivation and frequent 
postoperative roentgen study are essential m cases of acute enteritis managed b) 
simple exploration and appendectomy 

In Crohn’S extensive experience, this disease almost invariably begins m the 
distal part of the ileum and progi esses proximally For this reason, the report 
by Johnson-®® is of interest In his case, the patient, a Negro, had progressive 
symptoms leading to operation, which showed multiple areas of involvement from 
that poition of the jejunum just below the ligament of Treitz, extending down 
for some distance in the upper pait of the jejunum Apparently the disease 
progressed distally and produced symptoms of obstruction but remained localized 
to a relatively short segment, even after a six-year period Crohn comments on 
this case as being unusual and cites another reported from China 

Studies on absorption of fat and of vitamin A in sprue and m jejunoileitis b} 
Adlersberg and Sobotka-®^ suggest a basic difference in fat absorption betw'een 
spiue and inflammatory disease of the small intestine In contrast to persons 
with sprue, patients with extensive granulomatous jejunoileitis had a fairh 
satisfactory absoiption of fat and of vitamin A, and because of this fact the authors 
believe that in certain borderline cases m which the differential diagnosis is 
difficult an additional diagnostic point is available 

Relatively little attention has been given m the literature to anorectal findings 
in cases of legional ileitis In the aiticle by Sussman and Wachtel, already 
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alluded to, 1 instance is repoited in which inflammation was seen proctoscopically 
Jackman and Smith leview 114 consecutive cases of regional ileitis in which 
the diagnosis was made by roentgenologic examination confirmed by exploration 
and in which sigmoidoscopic examinations weie made Ulceration of the lower 
part of the bowel was found after short-circuiting operations One third of the 
patients had an anal abscess or an anal fistula or gave a history of having had 
an operation for a fistula, the ileitis remaining undiscovered until a later date 
In almost one fifth of the cases an extraiectal mass was found, in 8 cases anal 
ulceration or a contracted anal outlet was found, 4 patients had ulceration of 
the lower part of the bowel after short-circuiting operations and lesection of the 
diseased portion of the bowel The combination of an anal abscess or fistula and 
vague intestinal disturbances in a young adult should make the clinician suspect 
the possibility of regional ileitis 

262 Jackman, R J , and Smith, N D Some Manifestations of Regional Ileitis Observed 
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GENERAL NEWS 

Ella Sachs Plotz Foundation for the Advance- 
ment of Scientific Investigation — Eighteen applica- 
tions for grants were received by the Trustees of the 
Ella Sachs Plotz Foundation for the Advancement of 
Scientific Investigation during 1943 Thirteen of these 
came from the United States and the other five from 
five different countries in Europe, Asia and North and 
South America 

In the twenty years of its existence the Foundation 
lias made four hundred and eighty-one grants, which 
have been distributed to scientists throughout the world 

The purposes for which the Fund may be used are 
mentioned in the January 1942 issue of the Archives, 
page 159 

Applications for grants to be held during the yeai 
1944-1945 should be sent to Dr Joseph C Aub, 
Alassachusetts General Hospital, Fruit Street, Boston, 
and must be in his hands before April 1944 There are 
no formal application blanks, but letters asking for aid 
must state definitely the qualifications of the investi- 
gatoi, include an accurate description of the research 
and give the size of the grant requested and the specific 
use of the money to be expended In their requests for 
aid applicants should state whether or not they have 
approached other foundations for financial assistance. 
It IS highly desirable to include letters of recommenda- 
tion from the directors of the departments in which the 
work IS to be done 

SOCIETY NEWS 

Mississippi Valley Medical Society — The tenth 
annual meeting of the Mississippi Valley Medical So- 
ciety will be held at the Pere Marquette Hotel, Peoria, 
in , Septembei 27 and 28 


Scientific exhibits will be a featuie of the meeting 

The officers recently elected are president. Dr C 
Paul White, Kewanee, 111 , president elect. Dr Grayson 
L Carroll, St Louis , first vice president. Dr Milton E 
Bitter, Quincy, 111 , second vice president. Dr E A 
Cunningham, Louisiana, Mo , third vice president, Di 
Con R Harken, Osceola, Iowa, secretary-treasurer, 
Dr Harold Swanberg, Quincy, 111 The members of 
the Board of Directors are from Illinois, Drs Charles 
Harmon (Springfield), G A Sihler Jr (Litchfield), 
L H Sloan and C C Maher (Chicago), E F Parker 
(Moline), E E Nystrom (Peoria) and Ralph Mc- 
Reynolds (Quincy) , from Missouri, Drs F J Taintei 
and Clyde Dyer (St Louis), and W F Francka (Han- 
nibal) , from Iowa, Drs F A Hennessy (Calmar), J 
H Randall (Iowa City) and B J Dierkei (Fort Madi- 
son) 

The society has established an endowment fund, which 
IS already a going affair, with a $500 appropriation 
All contributions to the fund will be invested in war 
bonds A new plan for life membership, whereby the 
fee paid will depend on the applicant’s age, has been 
adopted, and new, attractive certificates of life mem- 
bership have been authorized All fees for life member- 
ships will be placed in the endowment fund, and hence 
in war bonds 

The January issue of the Mississippi Valley Medical 
Journal, called the “Chicago Number,”’ contains some 
of the contributions by physicians of Chicago which 
were presented at the meeting of the society held in 
Quincy, 111 , last year The rest of the papers \viil 
appear in the April issue, which will be called the “War 
Medicine Number” and will feature a symposium on 
wai medicine 
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CLINICAL SIGNIFICANCE OF GLYCOGEN 
CONTENT OF LIVER 

To the Editor — In order to prevent an erroneous im- 
pression, I wish to draw attention to some pertinent 
omissions from a paper by Dr Morton Korenberg 
entitled ‘‘Clinical Significance of Glj cogen Content of 
Lner” in tlie Decembei issue (Arch Int Mro 72 
746 1943) 

The studies which provided the data presented m 
this paper were made m the May Institute for Medical 
Research, the University of Cincinnati, and the Rc- 
seaich Foundation of the Children’s Hospital, Cincin- 
nati These studies were performed by Dr Waldo E 
Nelson, Dr Norton Nelson and me Dr Korenberg, 
serving in the capacity of an intern, participated in 
some of the clinical studies and was recognized for this 
work as a junior author of a report entitled "The 
Hepatic Glycogen Reserves in Diabetes Mcllitvis’’ (Endo- 
cunology 28 358, 1941) Subsequently, studies b> E 
Perry McCullough and his co-workers utilized the 
phlorhizin procedure as presented in the aforementioned 
report 

klany of the data, comments and interpretations which 
appear in Dr Korenberg’s paper were previously pre- 
sented m the aforementioned report and in lectures 
to which Dr Korenberg had access The remainder 
of the data w'hich are presented in his paper were made 
available to him three years ago, when he prepared a 
thesis for a graduate degree Permission to publish 
these data was neither requested nor granted 


No ictercncc to these facts exists in Dr Korenberg 
paper, an omission which makes it necessarj for met 
draw .ittcntion to the institutions in which the worl 
was done and the investigators who did it 

Major I Arthur Mirskt, MC, 
Army of the United States 
The Ma\ Institute for Medical Research, 

Cincinnati (on leave of absence in mili- 
tar^ scrMCc) 


VALUE OF DETERMINATION OF 
UROBILIN 

To the Editor — In the June 1943 number ot thi 
Archhes of Internal Medicine, in tlie review of 
book "La urobihna en el estado normal j patologico, 
It IS said “The book, alas, definitely puts an end t( 
the hopes of both investigator in clinical laboratorie' 
and clinician that urobilin, so tempting to test for, i' 
of any practical clinical diagnostic value" 

One of the more important conclusions at whicli i 
arrnc in that discussion, however, is quite opposite tc 
the reviewer’s opinion I definitely show that it ha‘ 
been pro\ed by the experiments reported on that qua” 
titative measuring of urobilin in urine or in blood (wher 
present) is of considerable value for estimation oi 
hepatic function Quantitative determination of urobijm 
in bile is of distinct importance in the diagnosis of 
cjstitis, and its measurement in feces is undoubted!' 
beneficial in certain special cases 

M \RcrLLO Ro\rR, MD, Buenos Aires, Argentina 
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Publicaciones del Centro de Investigaciones Tisiologicas, Hospital Tornu, Buenos 
Aires, Argentina Volume VI, 1943 

The sixth volume of the research studies of the Center of Investigation of the Tornu 
Hospital, under the direction of Prof Roque A Izzo, reflects a high calibei of work 
Although It IS essentially the product of a tuberculosis organization, including a painstaking 
hematometric study on normal and on tuberculous subjects by Mora and various pathologic 
studies of tuberculosis, cancer and miscellaneous topics by other members of the staff, the 
studies on the vitamin B complex by Costoya are outstanding in extent and thoroughness 
After a painstaking review of the history, discovery, chemical constitution, preparation, 
pharmacology and standardization of the complex, the author focuses attention on methods 
of analysis and their practical application 

Although many principles have been used in analysis for vitamin B, the author was able 
to use the fluorescence produced by thiochrome developed from thiamine in blood and urine as 
a means of determining it The readings were made in a Pulfnch photometer with an ultra- 
violet source of light In a series of cases there were found averages of IS 04 and 31 66 micro- 
grams per hundred cubic centimeters of blood and of urine respectively 

The studies on the vitamin B complex will be useful to biochemists, research workers, 
clinicians and clinical pathologists The other reports are more for pathologists or persons 
engaged in research in tuberculosis 

The binding is heavy paper, the illustrations aie good, and the paper, printing and type 
are excellent 

A Hundred Years of Medicine By C D Haagensen and Wyndham E B Lloyd Price, 
$3 75 Pp 443, with 42 illustrations New York Sheridan House, 1943 

This is an interesting bit of light reading that will serve to pass the time of the physician 
if he can find any idle moments these days It is not a serious attempt to publish a history 
of medicine The authors have given a short synopsis of medicine up to a hundred years ago 
Then they have selected what appear to them to be the important advances during the past 
hundred years in medicine and surgery and in the social aspects of medicine The nurses 
have not been entirely neglected One might quibble a bit about the complete accuracy of 
some of the statements, and one might also raise a question about the wisdom of the selection 
of material in some instances If either of these objections is valid, they constitute a reason 
for not putting this material before the lay reader The material is rather technical for the 
lay reader to understand well However, he must be greatly confused by much of the 
material that is directed at him m these days, and a little additional confusion will not do him 
irreparable harm The jacket that surrounds the book states that both authors are physicians 
According to this source of information Dr Haagensen is a surgeon and pathologist on the 
faculty of Columbia University’s School of Medicine and Dr Lloyd is a specialist in public 
health working in England 

Synopsis of Tropical Medicine Bj^ Sir Philip Manson-Bahr, M D , Director, Division 
of Clinical Tropical Medicine, London School of Hygiene and Tropical Medicine Price 
$2 SO Pp xii -p 224, with S plates Baltimore Williams & Wilkins Company, 1943 

The author states that this small volume was written in response to numerous requests 
to provide a guide to tropical medicine in a condensed form, suitable for medical officers and 
others whom the exigencies of the moment call to the tropics It is of proper size to fit into 
one’s pocket, and everything that it says is condensed in similar fashion 

The tropical diseases have been grouped under their causes protozoal diseases, rickettsial 
diseases, bacterial diseases, virus diseases, fungous diseases, nutritional diseases, etc Each 
disease is discussed according to much the same pattern — its cause, pathologic picture, clinical 
features, diagnosis, treatment and prevention The vhole story is told m a few lines At 
the end is an excellent index, so that the perplexed phjsician can readily look up anything 
from A L 63 (if he wishes a pre\entive powder against lice) to zygote (if he is concerned 
with malaria) 

It IS remarkable to find such a complete handbook m such small compass The author 
says that it represents, on his part, a small contribution to the war effort Many physicians 
and students will be grateful to him for making it 
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Borderlands of Psychiatry By Stanley Cobb, M D Price ^2 SO Pp \G() Cambridge 
Mass Harvard University Press, 1943 

This little brochure represents a series of essajs on subjects that liaic special interest to 
the author, to quote the introduction Cobb has prepared a splendid suminarj, it might be 
called, of many features of psyclnatry that touch on the practice of everj phj'sician The 
material represents special studies made by himself and others , it contains a certain number 
of illustrative case reports Admixed iiith the scientific presentation there is a philosophic 
angle to Cobb’s writing which adds much to the intellectual enjojment of the material 

The essays are so well w'ritten and splendidly expressed that they make for easj reading 
while one is absorbing the psychosomatic point of mow of the present da} 

The Arthropathies By Alfred A de Lonniici Price S5 50 Pp 319, with 678 figure' 
Qncago Year Book Publishers, Inc, 1943 

This little book is really an atlas of the roentgenologic changes in the joints m various 
diseases There are nearly seven hundred lepi eductions of films, illustrating all phases of 
the subject, together with concise descriptive notes Unfortunately, some of the reproductions 
do not show' up too well, and others are marred bi the cxtraordiinr} method used to poim 
out the lesions, which covers the cuts with letters nnd rigzag arrows Figure 311 is a good 
example 

The Dysenteric Disorders By Sir Philip Manson-Balir, M D , Director, Div'ision oi 
Clinical Tropical Medicine, London School of Ilvgicnc and Tropical Medicine, with an 
appendix by W John Muggleton, Af S AI Second edition Price *^10 Pp xiv + 62^^ 
with 23 plates and 108 figures Baltimore Williams Wilkins Companj, 1943 

The first edition of this book was reviewed shortly after its appearance in 1939 {J A M 4 
114 1010 [Afarch 16] 1940) It was regarded as a comprehensive description of the result oi 
the author’s experience in the tropics and his extensive practice m the Hospital for Tropical 
Diseases m London 

The second edition is much like tlie first It is readible and has a fine bibliograpln 
Medical officers and students will find it a particular!} useful handbook, which gathers together 
current knowledge of the dysenteric disorders in a pleasant and instructive manner 

A Synopsis of Clinical Syphilis By James Kirb} Howies, Af D , AI AI S , Professor oi 
Dermatology and Syphiiology and Director of the Department, Louisiana State Universitv 
School of Afedicme Price, buckram, S6 00 Pp 671, with index, illustrated St Louis 
C V Alosby Company, 1943 

Section I of the book is devoted to general considerations of etiologv', pathology, classifica- 
tion, symptomatology, diagnosis and treatment, section II, to systemic and regional svphilis 
and the final section, to problems of the familial and public health aspects of the disease The 
appendix comprises historical notes on the condition There is also a comprehensive bibli- 
ography alphabetically arranged 

The work is well organized, moderately condensed and well presented There are numei- 
ous well selected illustrations The rev'iewcr has no hesitancy m recommending this book 
to students and practitioners of medicine 

Your Arthritis What You Can Do About It By Alfred E Phelps, AID Price, cloth 
$2 00 Pp 192, with index, illustrated New York William Alorrow and Companv, 194 w 

This book was written for the laity with a twofold purpose to tell the arthritic patient 
how best to cooperate with his own physician during treatment and to rehev'e his physician 
from the arduous, time-consuming task of giving detailed instructions concerning all the little 
things the patient can do to get the most out of life with the limitations imposed by the disease 
The views expressed represent the consensus of the leading rheumatologists in this countiv 
There are no misstatements of fact, and the purpose of the work is admirably carried out 

Manometric Methods as Applied to the Measurement of Cell Respiration and Other 
Problems By Malcolm Dixon, with a foreword by Sir F G Hopkins Second edition 
Price $1 75 Pp 157, with 20 figures New York The Afacmillan Company, 1943 

This book discusses in detail the technical aspects of apparatus and procedure used m 
measuring the rate at which an isolated tissue consumes oxygen and produces carbon dioxide 
Although It IS likely to interest the general reader as illustrating the high degree of refinement 
that has been attained in tins field of scientific work, it is intended simply for use in research 
laboratories where the respiration of cells and tissues is being studied, the diagrams, table' 
and bibliography make it an excellent book for this purpose 
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They do ceitainly give veiy sUange and new-fangled 
names to diseases — "Plato 

An mci easing number of repoits in the litera- 
^tare indicates the piesence of a pulmonaiy con- 
dition known liy many names hut called chiefly 
virus pneumonia or piimary atypical pneumonia 
Modern interest in the condition dates from the 
leport of Bowen, ^ who called it acute influenza 
pneumonitis, feeling that it was a mild variant 
of pandemic influenza In 1936, one year after 
Bowen’s papei, Allen - leported 50 cases of the 
disease and emphasized, as had Bowen, the 
paucity of physical findings as compaied with 
1 oentgen films of the chest Beginning m 1938, 
Rennann, with vaiious co-workers, has published 
a numbei of reports of the disease ^ It has been 
Rei^nann’s impi ession that the infection is caused 
liy a filti able virus, though he admits the absence 
of conclusive proof Howevei, this work has 
seived to emphasize the etiologic pioblem, and 
theie IS now a stiong feeling that m many of the 
cases of pneumonia of nonbacterial oiigin there 
IS a unity of the clinical and the pathologic 
pictme^ Most wnteis agree that the disease is 

From the Medical and the Roentgenolosical Service, 
Station Hospital, Huntei Field, Savannah, Ga 

1 Bowen, A Acute Influenza Pneumonitis, Am 
J Roentgenol 35 168 (Aug) 1935 

2 Allen, W H Acute Pneumonitis, Ann Iiit 
Med 10 441 (Oct) 1936 

3 (n) Rcimann, H A An Acute Infection of the 

Respiratorj" Tract with Atypical Pneumonia, J A M 
A 111 2377 (Dec 24) 1938 (b) Reimann, H A , and 

Ilaiens, P An Epidemic Disease of the Respira- 
torj Ttact, Arch Int Med 65 138 (Jan) 1940 (c) 

Ivoinblum, K, and Reimann, H A Roentgenological 
'\spects of Epidemic of Acute Respiratory Tract Infec- 
tion, Am J Roentgenol 44 333 (Sept ) 1940 (d) 

Rcimann, H A , and Stokes, J , Jr Epidemic Infec- 
tion of the Respiratory Tract in 1938-1939 A Newlv 
Rcyognized Entitj, Tr A Am Phisicians 54- 123, 
1939 (e) Reimann, H A Infectious Diseases A 

Kcmcw ot Significant Publications in 1941-1942, Arch 
hit kfcd 70 132 (July) 1942 

4 (g) la\our, C B Ornithosis (Psittacosis) A 

Report of Thiec Cases and a Historical Clinical and 
Laborator 3 Comparison with Human Atipical (Virus) 
Pneumonia, Am T M Sc 205 162 (Feb) 1943 (Z>) 

Kemnnn 


not a new one, but evidence is at hand to show 
that its incidence is increasing Thus Smiley 
and his group, in a caiefully controlled study, 
noted the appearance of the condition in 1937, 
with increasing numbers of cases m succeeding 
years Goodrich and Bradfoid,® under condi- 
tions which insured complete clinical and i oent- 
gen examination of all patients with respnatory 
diseases, noted a definite inciease in incidence 
of the disease between 1938 and 1940 That 
the condition has existed pieviously is empha- 
sized by a lecent publication from the United 
States Ai my which points out that 3 cases of 
pneumonitis lepresented in the Army Medical 
Museum dating from the Ameiican Civil Wai 
show a pathologic picture indistinguishable from 
that of the present infection In the discussion 
of a papei by Reimann and Stokes read before 
the Association of American Physicians m 1939, 
Dochez, Cole and Libman united in staling that 
atypical pneumonia is not a new disease In the 
Station Hospital at Huntei Field, in the peiiod 
from Januaiy to December 1942, primaiy atypi- 
cal pneumonia was found m 125 cases In 
the ensuing two months an additional 25 cases 
were obseived, making a total of ISO cases 
This papei is a study of the disease as we have 
observed it, with analyses based on the fiist 125 
cases Theie was 1 fatality m the group, and 
autops} ohsenations will be piesented in detail 


Case 1 — Pniiiojy atypical pbenmoma of modciale 
seventy (fig 1) 

A 24 3 'ear old ivhite man had been cntireb well 
until the da 3 before his admission to the hospital At 
that time he noted gradual onset of malaise, transient 
chiHy sensations, generalized aching, anorexia and a 
nonproducliNC cough There had been no preceding 
infection of the respiratov 3 tract He said he had 
not had shaking chills, pam in the chest or stained 
sputum On his admission to the hospital his tem- 

Vor E C , Lee, W F. and 

1 erris, H W Acute Interstitial Pneumonitis Ne\- 
Disease Entity, J A M A 112 1901 (.Ma 3 13) 1939 
6 Goodrich, B E, and Bradlord, H A The 

Pneumonia, Am T M Sc 

204 163 ( \ug ) 1942 
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peratuie was 103 F, his pulse rate 100 and Ins respira- 
tory rate 22 He did not appear severel}' ill Aside 
from the elevation in temperature theie w'erc no abnor- 
mal findings, physical or laboratory Studies of the 
sputum w’ere attempted, but no significant organisms 
w'cre found Roentgen examination of the chest 
revealed early infiltration in the left pulmonarj field, 
extending from the hilus midw'ay into the parenchyma 
on that side 

His course in the hospital w'as not unusual for the 
disease The temperature ranged irom 101 F to a 


charged from the hospital after an illness lasting five 
weeks and has remained w'ell since 

Casf 2 — Primal y atypical piicimonia vjitli fatal ter 
miiiation (fig 2) 

A white man aged 23 was admitted to the station 
hospital on Nov 27, 1942 On admission, he stated 
that he had had a slight infection oi the upper respira 
tory tract associated with headache for the past week 
There had been a moderate amount of chilliness, malaise 
and anorexia These sjmptoms had increased greatlj 
in the twenlv-four hours preceding the patient’s admis 




Fig 1 — Clinical and laboiatory data for case 1 


high of 105 F for about one week, aftei which it fell 
gradually to normal after an illness of twenty-one days 
The roentgenograms of the chest show the inci easing 
in\ olvement of the pulmonary fields, even after the 
patient was much improved clinically Physical signs 
m the chest were limited to slight impairment of 
response to percussion ov^er the involved areas, with 
scattered medium-sized rales as the patient improved 
There was at no time a great deal of sputum What 
was produced was mucopurulent and rather viscid 
Relative bradycardia w'as noted, and the respiratory 
rate w'as not greatlv elevated The pat cut w as dis- 


sio.i 1 he initial temperature was 99 8 F , the pu sc 
I ate 88 and the respiratory rate 20 He did not appeal 
serioush ill, and on examination no evidence of 
atory embarrassment was noted There was 
reddening of the pharjnx, without exudate A slig 
hacking cough w'as noted, but only small amounts o 
mucoid material were expectorated This w^as exam 
ined repeatedly by smear and by culture, but onlv a 
mixed growth of the usual oral flora was obtaine 
Tubercle bacilli could not be demonstrated His course 
in the hospital w'as about as expected for this type o 
illness until the eleventh day At that time there vver 
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noted cyanosis, increased cough, still without sputum, 
and severe respiratory distress The respiratory rate 
increased to 40 and later to 60 and 70 He was given 
supportive treatment, including use of an oxygen tent, 
transfusions of small amounts of blood and parenteral 
administration of fluids No therapeutic measure pre- 
vailed, however Cyanosis increased in spite of oxygen 
therapy, the chest appeared full of moist, stick}' 
exudate, and he died on the eighteenth day of his 
illness Death was apparently due to respirator}' 
ohsti uction 


pink color of acute inflammation The bronchial tree 
in both lungs was full of a creamy, viscid, yellow 
exudate, which was scraped away with some difficult} 
This left a hemorrhagic bronchial mucous membrane, 
which in places seemed to be missing Hemorrhagic 
phenomena were not noted in pleural or parenchymal 
structures Swabs and cultures of the exudate as well 
as stab cultures of the lungs and of heart blood failed 
to show bacterial growth By pressure on the cut 
lung, droplets of pus could be expressed from smaller 
and larger bronchiolar lumens throughout On section 
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Fig 2 — Clinical and laboiator} data for case 2 


Gio^s Ohscivalions at 'hitop^y — A complete post- 
mortem examination was earned out three hours after 
tile patient’s death No significant changes were noted 
except m the lungs, and negatne details arc omitted 
Theic was no excess of pleural fluid The pleural 
surfaces appeared for the most part smooth and glistcn- 
mg and no gross fibrinous exudate was seen The 
\isccral pleuial sui faces were light gransh pink The 
lungs seemed to be increased in \olume and did not 
lollapsL as the pleural space was opened The pul- 
mon ir\ parenchvnn had the feeling of a slight!} moist 
sponge No definite areas of consolidation could be 
tclt and pieces of the lung floated in water There 
vas pronounced enlargement of the hilar nodes on both 
sides llicse glands on section had the shim, graMsh 


the lungs showed no gross or edillucnt aieas ol con- 
solidation For the most part the tissue was increased 
m consistency, as though there was increased fibrous 
tissue present, but changes t}pical of pneumonia w'crc 
not seen except as noted Scatteied throughout both 
lungs, more prominent on the left, w'cre hundreds of 
tin}, mihar} -sired areas of infiltration, resembling \cr} 
much the picture seen m miliar} tuberculosis 1 licse 
areas were graeisfi white and seemed to surround or 
be in close association with small bronchiole^ fhe 
cut surface was gracish pink, and scattered c\er\ where 
throughout the lung were nodules, most of them about 
] mm in diameter resembling broncliopneumonic con- 
solidation GrossK the picture wa"? of increased pul- 
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monary resistance with miliaiy pneumonitis and purulent 
bronchitis and bronchiolitis 

Micioscopic Study — The plcuial surface showed 
scattered aicas of polymorphonuclear exudate, with 
fibrin and louiid cell infiltration also noted In the 
subpleural areas were numerous dilated blood \csscls 
filled with red blood cells In this area were large 
numbers of histiocytes, round cells and plasma cells 
The pulmonarj’^ alveoli were m many aieas elongated, 
tortuous and lined with a cuboidal epithelial mem- 
brane The pattern as a whole was one of prolifera- 
tion and exudation The interstitial tissue was gicatlj 
thickened, the septunis being packed with inflammatorj 
cells of the round, wandering or plasm i cell t\pe 


COHniEKT 

Onset and Climcal Coutsc — The nujont) of 
out patients had been conscious of ill health onh 
one to tin ce days before i eporting at the hospital 
This IS somewhat less than the prodrome usualh 
dcsciibcd Ihe initial sjmptom was somewhat 
tunable, but as a group the symptoms were 
rcmaikabl} similar It would be fair to sa\ 
that the patient feels as if he were contracting 
ri scvcic cold or infliicnya. and as fai as we hate 
been able to dctcimine thcic is no real difference 



Fig 3 (case 1) — Section 1 shows an organizing pneumonic process in the parenchyma with engorgement of 
subpleural capillaries A thm layer of fibrin and inflanirnafor}'' cells is noted on the pleural surface Section 2 
shows a small bronchiole from which most of the lining epithelium has been lost The lumen is filled with a 
polymoiphonucleai exudate, and the surrounding paienchyma shows atelectasis and organizing pneumoniti' 
Section 3 shows a small bronchus filled with polymorphonuclear exudate Section 4 shows emphysema and 
atelectasis in adjoining areas, and also thickening of the interalveolar septums and interstitial pneumonitis 
(All magnifications are 200 X ) 


Alveolar lining cells were cuboidal and often projected 
into the lumen The bronchial lumens were univer- 
sally filled with a purulent exudate, for the most pait 
polymorphonuclear Fibrin was not noted There was 
scattered loss of bionchial mucous membrane, and in 
the areas of greatest involvement there was marked 
congestion of all vessels, but free blood was not seen 
This picture, then, is one of interstitial pneumonia and 
purulent bronchitis (figs 3 and 4) 


111 the mode of onset of influenza and of atypical 
pneuiiioma In figuie 5 we hav^e indicated the 
majoi presenting symptoms and then relatne ^ 
fiequenc)' One of the most pioniineiit earli 
manifestations is malaise The patient may state 
that for the past tweiit} -foui to thirty-six bom's 
he has not been definitely sick but has prefeired 
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to lemain quiet latliei than assume his customaiy 
duties The malaise increases, and with it may 
appear headache The pain is general, and not 
more pronounced in the fi ontal than in the occip- 
ital legion It IS a dull, gnawing pain and not 
associated with throbbing or ivith ocular mani- 
festations Sudden movements of the head do 
not tend to aggravate the pam At the same 
time there will be sensations of chilliness Shah- 
mg chills aie uncommon, but even duiiiig w^aim 
weathei the patient will state that he has been 
conscious of lowered body temperature Loss of 


often it IS not piominent oi the subject is not 
conscious of it at all In the cases of more 
seveie illness the cough is more piominent, but 
m the majority of cases even seveie coughing 
IS not pioductive of sputum m the fiist few days 
With cough theie is often a sensation of burning 
in the substeinal region, aggiavated by coughing 
and commonly felt to be due to tiacheitis Gen- 
eiahzed aches and pains aie common The 
distiess IS musctilai, and the joints are not 
involved The pains aic most common in the 
gastiocnemius-soleus gioups of muscles and in 



Fig 4 — Section 5 (400 X), from a small bronchiole, shows papillar} proliferation of the epithelium Sec- 
tion 6 (400 X), from a lung involved by interstitial pneumonia, shows pronounced thickening of the interal- 
\eolai septums, the cellular reaction here is predominantly mononuclear Section 7 is an oil immersion view 
(900 X) of an aiea shown in 6, the cells are monocytes, plasma cells and large mononuclear types resembling 
histiocytes Section S (200 X) is from an early miliary abscess, the evudate is polj morphonuclear and there is 
loss of cell detail in some areas, indicating beginning necrosis 


appetite is common, though fiank gastiic levolt 
IS laiely seen Usually no food of note has been 
taken m the twent3’^-foui hours pievious to the 
patient’s admission We hare not encounteied 
abdominal pain, nausea or diarrhea S3mptoms 
lefeiable to the nose and tin oat are not promi- 
nent There may be slight ihinorrhea and 
minimal painful phai3mgitis Cervical adenop- 
^th3' IS not seen Cough ma3’’ occur earh’', but 


the paiaspinal masses 1 he pain is not associated 
w ith local tenderness but manipulation is moder- 
atel3'^ painful As the disease progresses all 
S 3 miptoms are moie severe, though in the mild 
attacks after three to six da3"S the malaise 
recedes and the appetite returns Headache is 
apt to persist longei The cough nsualh’^ in- 
creases in frequenc3 severit3 as the tempera- 
ture approaches normal, and in about half the 
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cases it IS eventually pioductive of viscid, light 
giayish yellow mucopui ulent sputum In seveie 
attacks paroxysms of cough may be followed by 
some blood stieaking of the sputum We have 
not seen frank hemoptj'sis oi lusty sputum 
Epistaxis may occur in a few cases Cyanosis 
IS pi esent in most of the modei atel}' and severe!}' 



Fig 5 — Relative frequency of tiic niajoi presenting 
symptoms (125 cases) 

ill patients This is accompanied by dyspnea in 
a smaller number, though in most of our severe!}' 
ill patients signs of respiratory difficulty weie 
piominent enough to necessitate the use of 
oxygen Herpes labialis is not common but 
occurred in 3 cases in this series The febrile le- 
action IS of lemittent type, with the daily high level 
of temperature infrequently above 103 F The 
usual patient with a moderately severe attack will 
have elevation of the temperature foi seven to ten 
days, with gradual fall by lysis (fig 6) Rela- 
tive biadycaidia is noted in the attacks of only 
moderate or minimal seventy In seriously ill 
patients the pulse rate rises with the respiratory 
rate 

Physical Signs — Primary atypical pneumonia 
IS not easily diagnosed without the aid of roent- 
gen examination of the chest After observing 
a large number of cases one is able to state with 
some degree of assurance that positive roentgen 
findings will be noted on the basis of history 
alone However, it is constantly surprising to 
us to note how extensive the parenchymal in- 
volvement may be with minimal or no physical 
signs Since, as we have pointed out, theie is 
little to dififerentiate the disease from influenza, 
positive statements as to the presence or absence 
of pulmonary involvement may not be made 
without roentgen examination In the case of 


the patient but recently admitted to the hospital 
special attention should be given to compaiative 
percussion of the pulmonary fields, since it is 
oui feeling that the earliest changes are to be 
found in slight relative impairment over the 
involved areas of the lungs This is often accom- 
panied by slight diminution in the intensit} 
of the transmitted breath tones Changes in 
quality of the breath tones, such as bronchial 
and tubular bi eathing, were not a feature in this 
senes of cases Moisture in the bronchial tree 
as endenced by the presence of rales is a late 
finding in most cases The rales are usually of 
the moist type rarely being crepitant and in the 
absence of clinical evidence of bronchitis not 
being musical In seveie attacks, vith large 
quantities of exudate filling the bronchial lumens, 
examination will show mucous rales over most 
of the pulmonaiy fields The abdominal exami- 
nation is not 1 evealing, and enlargement of solid 
viscera is not seen Abdominal distention, so 
common in severe lobai pneumonia, is absent m 
even critically ill patients suffering from primari 
atypical pneumonia 

Roentgenologic Findings — The earliest ap- 
pearance of changes detectable in the loentgen- 
ogiams of the chest in these cases is on the second 

severity of illness duration of fever 

125 CASES 125 CASES 



Fig 6 — Relation of the seventy of the illness to the 
duration of fever 


or third day The symptoms are usually m 
advance of the initial loentgen changes, just as ’ 
in the later stages of the disease the roentgen f 
changes are far in advance of changes in the 
clinical appearance of the patient In several 
cases m which examinations were made in the 
first twenty-four hours of the illness no demon- 
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stiable changes were noted, and serial films 
theieafter demonstrated the gradual develop- 
ment of the pulmonary involvement Thus we 
found that the first changes take the form of a 
faint and usually localized exaggeration of the 
peribronchial mai kings, so that they have a 
stieaked or lineai appearance The hilai mai Ic- 
ings are usually piomment, and the changes may 


ordinarily extend beyond the middle of the lung, 
and may cling closely to the lower mediastinal 
bolder The subsequent changes are extensions 
of the early picture The markings increase in 
piommence, and the area exhibits a mottled, 
seldom homogeneous increase in density Frank 
and clearcut shadows, such as are present with 
lobar pneumonia, aie seldom seen Pleural 



Pis, 7 — Roentgenograms for patients with mild primary atjpical pneumonia None of the patients was 
seriously ill Patient B was afebrile when the film shown was taken Patient C had an illness that resembled 
piimary tuberculosis 


be projected into the pulmonary fields from one 
01 both hilar regions There seems to be no 
preference foi one lung over the other, but the 
disease more commonly affects the lower pul- 
nionaiy fields The mild attacks are usuall} 
unilateral, and the more severe ones are gen- 
eialh bilateral The earliest changes do not 


thickening or evidence of pleural exudate is rare, 
having occurred in but 1 case in this series In 
the most severely ill patients, those ha\ing 
marked dyspnea, cjanosis and large amounts of 
sputum, loentgen examination reveals a diffuse, 
mottled infiltration resembling miliary tuber- 
culosis In 1 case in the series it \vas difficult 
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to distinguish the lesion fiom that of a pi unary tubeicle bacilli, fungi and yeasts Fioin the data 
tuberculosis complex In another case in which accumulated it is appai ent that there is no single 
the lesion was m the left upper pulmonary field, bacteiial pattein m the disease Most of the 
finding of tubeicle bacilli finally diffei entiated cultures of sputum showed a mixed growth 
this condition In many cases theie is little to consisting of Micrococcus cataiihahs, nonhemo- 
choose m the loentgen picture between piimary lytic streptococci and occasional pneumococci of 
atypical pneumonia and variants of the fungous the higher gioups Haemophilus influenrae was 
infections oi pneumonoconiosis (figs 7 and 8) not found in any case Virus studies veie not 



Fig 8 — Roentgenograms for patients with severe primary atypical pneumonia Patients B and E were 
seriously ill All the patients recovered 

Laboi atoi y Data — Examinations of the earned out The leukocyte response is shown 

sputum have been done one to many times in m figure 9 It wall be noted that in most of the 

all of our cases These have included search for cases the values were in the normal or slightly 

predominating organisms by culture, attempts above normal group In lare instances the 

to find typable pneumococci and also search in count was above 15,000 The differential leuko- 

selected cases for other oigamsms, such as cyte study was not leveahng, peicentages of poly- 
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moiphonuclear cells being between 65 and 80, 
with small lymphocytes and monocytes m their 
customaiy latio No abnoimahty of othei ele- 
ments was noted, and in summanzing it is fair 
to say that the white blood cell count m these 
cases IS of no help or significance except by its 
almost complete absence of pathologic intensity 
In the uiine of severely ill patients it was com- 
mon to find a tiace of albumin, but no other 
changes weie noted Agglutination tests against 
the usual gi am-negative oiganisms weie made 
in a few cases, with negative lesults Comple- 
ment fixation tests for vai lous sti ains of Rickett- 
sia or other exotic organisms were not done 
Blood cultuies were made m all of the eaily 
cases, but no positive result was obtained 
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Fig 9 — ^Leukoc 3 'te response (125 cases) 
TREATMENT 

Most patients with piimaiy atypical pneu- 
monia 1 ecover without any medication at all Rest 
m bed, adequate ingestion of fluids and attention 
to elimination seem to be sufficient for the mildly 
ill patients, and recouise to various special foims 
of tieatment is not necessary It is necessary 
to avoid inadequately delibeiated methods, since 
the origin of the condition is obscure and the 
object of treatment should be to assist the normal 
combative foices of the body Thus it has not 
seemed necessai}’^ to use large amounts of sah- 
C 3 lates, sodium bicarbonate or other agents de- 
signed to relieve the patient’s discomfort An 
occasional small dose of codeine may be helpful 
in combating headache When indicated, the use 


m 

of expectoi ants, such as ammonium chloride, 
may be beneficial in aiding the patient to laise 
and rid himself of the mucoid material clogging 
the bronchial tree Inhalations of waim steam 
treated with benzoin, menthol oi some othei 
inhalant may be comfoiting We have found 
the use of finely atomized solutions of 1 100 
epmephiine hydrochloiide and neo-synephnne 
hydrochloride, as recommended by Barach,’’ help- 
ful, and we believe that his suggestion of some 
type of positive pressure admimsti ation of oxy- 
gen IS good We have used oxygen by tent or 
b}^ mask foi all of oui seiiously ill patients, and 
theic seems to be no doubt that it is a hfe- 
sawng measuie for such patients Anothei mea- 
sure which may be helpful is the use of inhala- 
tions of puie carbon dioxide as desciibed by 
Gunthei and Blond ® The hypei ventilation in- 
duced by this proceduie, followed usually by a 
paioxysm of cougbing with production of large 
amounts of sputum, often seives to cleai the 
bronchial tiact for seveial hours Careful watch 
must be kept for the onset of symptoms of in- 
Cl eased seventy A rising lespiiatoiy late and 
increased cyanosis aie indications for piompt 
and energetic treatment The use of sulfonamide 
compounds is not helpful As pieviously indi- 
cated by one of us,“ drugs of this group have 
no effect on the course of primary atypical pneu- 
monia Repeated statements to this effect aic 
to be found in the literature and requne no 
elaboration For a critically ill patient the intro- 
duction of a poweiful drug may actually handicap 
Ins chances for recoveiy Transfusions of small 
amounts of whole blood, 250 cc being given on 
alternate days, aie possibly of some benefit foi 
seiiously ill patients If available, use of donois 
who have lecoveied from the disease is advised, 
although positive evidence is lacking that immune 
bodies exist in such blood Fluids should be 
given paienterally whenevei intake by mouth is 
insufficient 

COMMENT 

Ceitam featuies of this disease are oi moie 
than ordinal y interest Among these is the close 
lesemblance both chnicall}' and pathologicall} to 
some types of influenzal pneumonia As dc- 


7 Barach, A L Phj'siologically Directed Thcrap> 
in Pneumonia, Ann Int Med 17 812 (No\ ) 1942 
Barach, A L, and Molomut, N An Ovygen [Mask 
1942^^*^^^ Positue Pressure, ibid 17 820 (No\ ) 

8 Gunther, L, and Blond, H H Obser\ations on 
the Use of Carbon Dioxide in Earh Pneumonia \ni 
J lit Sc 193 525 (April) 1937 

9 Xecdles, R J A.t 3 pical Pneumonia Intcrnat 
Chn 4 84 (Dec) 1940 
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scribed by many wi iters duiing and after the 
gieat pandemic of influenza in 1918-1919, there 
IS little difference between the pulmonary 
changes in that disease and those in our case in 
which autopsy was done These include a pri- 
mary interstitial pneumonia with severe capillary 
bronchitis The character of the disease may 
change duimg an epidemic, as pointed out b)^ 
Boyd,^^ who stated 

One of the most extraordinary features of influenza is 
the way it changes its character when it takes on pan- 
demic form For years it appears as the mildest of 
diseases, attacking a person here and there, but with a 
negligible mortality Suddenly, with hardly a warning. 
It sweeps across the world like “a blast from 
the stars” and kills millions of persons in a short time 

We have been unable to connect this disease 
with influenza by means of viius studies, but 
that there is a close similarity m othei ways no 
one can doubt The physical findings support 
( 

10 MacCallum, W G Pathology of the Pneumonia 

Following Influenza, J A M A 72 720 (March 8) 
1919 Jordan, E O Influenza Epidemic of 1918, ibid 
89 1603 (Nov 5) , 1689 (Nov 12) , 1779 (Nov 19) 
1927 Malloch, A, and Rhea, L J Fatal Bronchio- 
litis and Bronchopneumonia Caused by Bacillus Influ- 
enzae of Pfeiffer During an Inter-Pandcmic Period, 
Quart J Med. 14 125 (Jan ) 1921 Opic, E L 
The Pathologic Anatomy of Influenza, Arch Path 5 
285 (Feb ) 1928 Winternitz, M C , Wason, I M , 
and McNamara, F P The Pathology of Influenza, 
New Haven, Conn , Yale University Press, 1920 Opie, 
E L , Blake, F G , Small, J C , and River, T M 
Epidemic Respiratory Disease, St Louis, C V Mosbj 
Company, 1921 Brannan, D , and Goodpasture, E W 
The Pathology of Pneumonia Caused by Bacillus Influ- 
enzae During an Interepidemic Period, Arch Int Med 
34 739 (Dec ) 1924 Wolbach, S B Patliology and 
Bacteriology of Fatal Influenza, Bull Johns Hopkins 
Hosp 30 104 (April) 1919 Rivers, T M , Benjamin, 
B , and Berry, G P Psittacosis Report of a Case, 

J A M A 95*577 (Aug 23) 1930 Klotz, O 
Studies on Epidemic Influenza, Pittsburgh, University 
of Pittsburgh School of Medicine, 1919, p 207 

11 Boyd, W The Pathology of Internal Diseases, 
Philadelphia, Lea & Febiger, 1941, p 155 


the thesis that the essential picture is one of 
interstitial pneumonitis Thus m the early stages 
physical examination is apt to be fruitless, for 
most of the physical signs in the chest are de- 
pendent on fluid in the pulmonary parenchyma, 
pleural space or bronchial tree, and none of these 
are present in the early stages Later, as the 
bi onchial exudate becomes more prominent, physi- 
cal signs increase m intensify Another feature of 
interest is the lack of specific treatment Thus 
It becomes necessary to exert unusual care not 
to minimize the disease because in its early stages 
It may appear benign Changes in the respira- 
tory rate and an increase in cyanosis are indica- 
tions for the most active treatment, since the 
obstruction of the bronchial tree by large 
amounts of exudate vitiates attempts to provide 
adequate pulmonary aeration Likewise, the 
interstitial nature of the pneumonitis interferes 
with transfer of oxygen to the circulating blood 
and makes the therapeutic problem more diffi- 
cult Early attack on symptoms of spreading 
infection is necessary 

CONCLUSIONS 

There appears to be an increasing number of 
cases of an interstitial pneumonitis associated 
with capillary bronchitis, of undetermined cause, 
which has shown little tendency to excessne 
mortality 

Evidence indicates that the cause is to be 
found m the gioup of virus-Rickettsia agents 
which IS also responsible for a wide variety of 
pulmonaiy infections of similar character 

Attention is called to the striking similarity 
of the symptoms and of the anatomic changes 
m this disease to those piesent in certain cases 
of influenzal pneumonia 

Treatment must remain sjnnptomatic pending 
development of new therapeutic agents effective 
in combating virus infections 
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As a 1 esult of the expel iments of Goldblatt ^ 
by which he demonstrates that hypertension can 
be produced in expeiimental animals by the 
application of a silver clamp to one or both lenal 
aiteries and of the publication of papers by 
Longcope " and Weiss and Parker ^ indicating 
the role of pyelonephritis m the pathogenesis of 
hypei tension, a new approach to the treatment 
of hypertension m selected cases was gained, 
which at that time gave piomise of consideiable 
success Physicians began to search especially 
foi unilateial renal lesions in patients with 
elevated blood piessure in the hope of relieving 
the hypertension by lemoval of the affected 
kidney Butler,^ in 1937, was apparently the 
first to report a cure of hypertension by removal 
of a single pyelonephritic kidney Since that 
time many reports have appeared in the htera- 
tuie concerning the treatment of hypertension 
by unilateral nephrectomy, and many more unre- 
ported cases of such treatment probably exist 
On the other hand, little has been written about 
the cases m which nephrectomy has been done 

From the Department of Internal Medicine, Bow- 
man Gray School of Medicine of Wake Forest College 

Dr M C Bowman made the anatomic study of the 
kidneys in cases 1 and 2 

Dr J R Williams gave me permission to report 
case 2 

1 Goldblatt, H , Lynch, J , Hanzal, R F , and 
Summerville, W W Studies on Experimental Hyper- 
tension I The Production of Persistent Elevation of 
Systolic Blood Pressure by Means of Renal Ischemia, 
J Exper Med 59 347, 1934 Goldblatt, H Studies 
on Experimental Hypertension V The Pathogenesis 
of Experimental Hypertension Due to Renal Ischemia, 
Ann Int Med 11 69, 1937, Experimental Hyper- 
tension Induced by Renal Ischemia, in Harvey Lectures, 
1937-1938, Baltimore, Williams & Wilkins Company 
1938, p 237 

2 Longcope, W T , and Winkenwerder, W L 
Clinical Features of Contracted Kidneys Due to Pj'C- 
lonephritis. Bull Johns Hopkins Hosp 53 225, 1933 

3 Weiss, S , and Parker, F Relation of Pye- 
lonephritis and Other Urinary Tract Infections to 
Arterial Hj pertcnsion, New England J Med 223 
959, 1940 

4 Butler, A M Chronic Pjeloncphritis and 
Arterial IH pertension, T Clin Imestigation 16 889, 
1937 


and in which the elevation of blood piessure has 
remained unchanged Furthermore, too many 
cases have been reported as instances of cure ’ 
within a few weeks or months after operation, 
and hence lack adequate follow-up checks on the 
subsequent course of tbe blood pressuie 
Ayman ° has stressed the fact that too frequently 
various therapeutic procedures have been given 
credit for appaiently successful results in tbe 
reduction of blood piessure when these lesults 
have been in reality due to uncontrolled factois 
operating on the lability of the blood piessuie 
and the hypertensive personality One must be 
critical m evaluating changes in blood pressure 
following nephrectomy, or, for that matter, an} 
surgical procedure, for a reduction in blood pi es- 
sure to or toward a noimal level is common 
after such procedures and even during prolonged 
lest in bed without surgical intervention Such 
a fall m blood pressure may persist for some 
time, but most frequently it is temporary and the 
pressure giadually rises to its pievious hyper- 
tensive level in a few weeks or months Braasch ° 
stated that it is necessary to follow patients who 
have had unilateial nephrectomy for hypei ten- 
sion for at least two years before they can be 
considered cured with any certainty He states 
that of 198 hypertensive patients on whom 
various types of renal surgical operations were 
performed the hypertension was permanently 
relieved in 65 Seventeen patients had a post- 
opeiative drop in blood pressure but the hyper- 
tension returned in a few weeks or months, and 
in “several cases” the blood pressure remained 
normal for as long as two years and then re- 
turned to its preoperative level He furthei 
states that the hypertension was relieved more 
often by nephrectomy than by other “more con- 
sei \ ative” procedures 

5 Aj man, D An E\aluation of Therapeutic 
Results in Essential Hypertension I The Interpreta- 
tion of Symptomatic Relief, J A M A 95 246 (Julj 
26) 1930, II The Interpretation of Blood Pressure 
Reduction ibid 96 2091 (June 20) 1931 

6 Braasch, W F Surgical Kidncj as an Etio- 
logical Factor in Hypertension, Canad M A. J 46 9 
1942 
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It IS the pm pose of this lepoit to review some 
of the cases from the liteiatme in which ncphicc- 
tomy has been peifoimed for hypei tension, espe- 
cially in regard to the incidence of actual cmc 
following this proceduie, and to repoit 4 cases, 
in 2 of which unilateial nephiectomy failed to 
lower the patient’s blood piessure, m 1 of which 
nephiectomy not only failed to lowei the blood 
pleasure but lesulted lather in a prompt use in 
the blood pleasure to levels well above the pre- 
operative lange, and in 1 of which the blood 
piessure piomptfy fell to noimal levels and has 
lemamed normal foi ovei three and one-hall 
years 

REPORT or CASES 

Case 1 —V J , a 39 j'car old houseu ife, was feeling 
well until four clays before admission to the hospital, 
when she awoke at night with severe frontal and tem- 
poral headache and pain in the left flank and left costo- 
vertebral angle During the night the pam decreased 
in severity, but it persisted, and on the following day 
she consulted her physician, who told her that she had 
high blood pressure Two days before admission she 
began having more intense frontal and temporal head- 
ache, and she noted stiffness and pain on motion of 
her neck During the ensuing two days the pain in the 
costovertebral angle and flank almost completely sub- 
sided, and she entered the hospital complaining chiefly 
of headache and stiffness of the neck 

She gave a history that suggested that she had passed 
a renal calculus when she w'as a small child, but she 
had had no urinarj symptoms since then except for 
nocturia, with urination two to three times a night, 
for the past ten years 

Physical Examination — On admission to the hospital 
the patient w'as drow'sy and appeared to be acuteh ill 
The neck was slightly rigid, but the Kernig sign w’ls 
negative The pupils ivere equal and regular and reacted 
to light and in accommodation The temporal margins 
of the optic chsks were somewhat indistinct, but there 
W’as no definite papilledema The retinal arterioles 
appeared to be normal, but the retinal veins were strik- 
ingly full No hemorrhages or exudates w'cre seen 
The heart was slightly enlarged to the left There w'ere 
an apical systolic murmur and a faint presystolic gallop 
with accentuation of the first sound The blood pressure 
was J8D systolic and 110 diastohc The Jungs were 
clear, and the cervical veins were not distended The 
liver was not felt, and there W’as no edema of the 
extremities There was slight tenderness at the left 
costovertebral angle The low’er pole of the right kidney 
was easily palpable and questionably enlarged Neuro- 
logic examination gave negative results 

Laboratory Findings — Repeated examinations of the 
urinary sediment revealed a negative to 1 plus reaction 
for albumin, numerous white blood cells and occasional 
red blood cells Colon bacilli were grown repeatedly 
from the cathetenzed urine Examination of the blood 
revealed 3,740,000 red blood cells, 11 S Gm of hemo- 
globin, 12,360 white blood cells and a normal differen- 
tial count The nonprotein nitrogen content of the blood 
was 25 mg per hundred cubic centimeters, tlie calcium 
content 9 mg and the phosphorus content 4 6 mg 
Lumbar puncture revealed a clear fluid under normal 
pressure, with 1 cell and a negative Randy reaction 
The Kahn reactions of the blood and the spinal fluid 
were negative 


Roentgen examination of tlic chest siiow’cd evidence 
of healed tuberculosis at the apex of the left lung and 
a very small area of questionablj active tuberculosis 
at the apex of the light lung No sputum could be 
obtained, but examination of the gastric contents failed 
to reveal tubercle bacilli Repeated roentgen examina- 
tions of tlie lungs show'cd no change in the lesion, and 
It was considered to be quiescent Examination of the 
urine by direct smear and by guinea pig inoculation 
failed to rev'cal tubercle bacilli 

Because of the infection of the urinary tract the 
patient w’as gneii sulfacetimide and later sulfathiazole 
In spite of this therapy the urine continued to show' 
BsciJJns coh on culture Intravenous injection of phenol- 
sulfonphthalein on tw'O occasions revealed 59 per cent 
and 50 per cent excretion of the dje in two hours 
The maximal specific gravity of the urine W'as 1 017 
(Fishbcrg technic) A roentgenogram of the abdomen 
icvealcd a large staghorn calculus in the left kidney 
Retrograde pjelograms confirmed the presence of the 
staghorn calculus in the left kidney and revealed a 
marked hydronephrosis on that side The right kidney 
appeared to be normal Indigo carmine appeared in 
normal time and in good concentration on the right 
On the left the dye appeared, but in very poor con- 
centration Urine drained from the left kidney' three to 



Chart 1 (case 1) — Effect of rest in bed on blood 
pressure 

four times faster than from the right Intravenously 
injected phenolsulfonphthalein appeared on the left side 
in five minutes and on the right side in six and one- 
half minutes The urine from the left kidney grew 
hemolytic Staphy'lococcus aureus The urine from the 
right kidney w'as sterile 

Clinical Coin sc — The blood pressure on the patient’s 
admission was 190 sy’stohc, 110 diastohc While she 
W'as at rest in bed, over a period of twenty-tw'O days, 
the blood pressure gradually' fell and became stabilized 
at a level of 140 systolic and 90 diastohc (fig 1) 

After rather intensive treatment of tlie infection of 
the urinary tract with both sulfacetimide and sulfa- 
thiazole the urine became free of B coli but remained 
infected with the hemolytic staphylococci She was seen 
by a urologic consultant, who advised operation, the 
opinion being that the question of nephrectomy or 
nephrolithotomy should be decided after the kidney 
had been exposed The operation was performed by 
Dr W E Woodruff The kidney was found to be 
greatly enlarged but did not show gross evidence of 
pennephntic infection Because of the patient’s hyper- 
tension and because it was believed that remov'al of 
the three-dimensional calculus would result in excessive 
damage to the kidney, it was thought that nephrectomy 
rather than nephrolithotomy w’as the operation of choice, 
and the left kidney was removed 
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Gloss and Mia oscopic Observations on the Kidney — 
Gross Description The specimen consisted of the left 
kidney, which had been partially opened before reaching 
the laboiatory It weighed 162 Gm The external cap- 
sular surface was smooth, and a small amount of peri- 
nephric fat was present The capsule was not thickened 
and stripped fairly readily, although in certain areas it 
Was adherent to the cortical surface The cut surface 
of the kidney was brownish red The cortex averaged 
0 7 cm in thickness, and there was no evidence of dis- 
tortion of the cortical markings The medulla averaged 



Chait 2 (case 1) — Blood pressure after nephrectomy 


1 2 cm in thickness The pelvis of the kidney was 
slightly dilated and was partially occupied by an irregu- 
lar, faceted stone which measured 5 by 2 by 1 cm 
The stone was light yellowish, and there were numerous 
projections into the calices, the largest projection being 
into the inferior major calix The ureter came off m 
its usual position, and 6 cm of the superior portion 
of the attached ureter was included in the specimen 
There was no evidence of ureteral dilatation 

Microscopic Description In the renal cortex an 
average of three glomeruli were observed per high 
power field The glomerular capsular epithelium and 
the epithelium covering the capillary loops were thin 
and flat The capsular spaces were empty except for 
an occasional one which contained a small amount of 
light pmk-stainmg, homogeneous material No mflam- 
matoiy cells were observed within the renal corpuscles 
Ihe glomerular capillary loops were vascular, but an 
occasional small, partially fibrosed glomerulus was 
observed There was no evidence of tubular degen- 
ciation The arterioles and the small aitenes appeared 
normal, but an occasional interlobular artery was seen 
m which there was some thickening of the media The 
lenal pelvis was lined with transitional epithelium 
beneath which there were chronic inflammatory cells 
Scattered throughout the interstitial tissue of the medulla 
and cortex were focal groups of chronic inflammatory 
cells These cells could also be seen m thin cords 
between the tubules 

Diagnosis The condition was diagnosed as (1) renal 
calculus and (2) chronic pyelonephritis with hjdro- 
nephi osis 

Postopciahve Coinse — ^Postoperatn cly the blood 
piessure fell from 160 S3’-stolic and 100 diastolic to 130 
‘^^stol^c and S5 diastolic in a period of four davs 
Thereafter the blood pressure ranged bewdeen 155 
sjstohc and 90 diastolic and 200 systolic and 120 
diastohc, the aveiage level for the four dajs before 
the patient’s discharge being 175 s\stoIic and 115 
diastohc (fig 2) 

The patient was readmitted to the hospital on Dec 7, 
1942 approximatelj three months after her discharge 


In the interval she had been feeling w’ell Physical 
examination gave essentially the same results as on the 
previous admission The blood pressure w'as 230 
systolic and 125 diastohc, with rest in bed it promptiv 
fell and stabilized itself at a level of 190 systolic and 
100 diastohc (fig 3) Intravenous pyelograms revealed 
slight enlargement of the remaining right kidney with 
moderate dilatation of the renal pelvis It excreted 
37 per cent of intra\ enously injected phenolsulfon- 
phthalem in two hours and concentrated uiine to a 
specific gravity of 1 020 Renal blood flow' as measured 
by the diodiast clearance test w'as 956 cc per minute 

Comment — This case points out oue of the 
chief dangers of nephrectomy in the treatment 
of hypertension The degiee of pyelonephiitis 
was minimal, and there was little functional 
impairment of the kidney Therefoie, by its 
lemoval a consideiable increase m functional 
load was placed on the remaining kidney The 
blood pressure pi omptly rose to levels well above 
the preopeiative lange and has remained so to 
the time of writing Had it been possible, the 
pioceduie of choice in this case would have been 
lemoval of the stone and subsequent eradication 
of the infection in the pelvis of the kidney Such 
a course would have avoided the removal of 
functional renal tissue and foi this leason would 
have been more likely to effect a change in the 
blood pressure to oi toward normal levels 

Case 2 — M A C , a 37 ^-ear old married woman, 
entered the hospital complaining of headache and high 
blood pressure She was first noted to have an increase 
m blood pressure at the age of 27, m a routine exami- 
nation for life insurance Her first three pregnancies 
lesulted m miscarriages, and the fourth pregnancy, two 
years before her admission to the hospital w'as asso- 
ciated with an elevation of systolic blood pressure up 
to 230 There w'as no history of cardiac insufficiency 
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Chart 3 (case 1) Effect of rest m bed on blood 
pressure three months aftei nephrectomj 

and no urinary sj'mptoms For three or four montlis 
'he had complained of headache w'lth attacks of dizzi- 
ness and her blood pressure had been persistentK 
eler ated 

The physical examination rc\ealed slight blurring oi 
the optic disks with spots of hemorrhage and exudate 
and marked arferjoienous nicking There were mod- 
erate tachy'cardia and an inconstant gallop rln Ihm 
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otherwise the results of physical examination were not 
remarkable 

The urine contained albumin (4 plus) and occasional 
white and red blood cells Culture of tire urine showed 
no growth The nonprotein nitrogen content of the 
blood was 31 mg per hundred cubic centimeters Forty 
per cent of intravenously injected phenolsulfon- 
phthalein was excreted in two hours The urine was 
concentrated to a specific gravity of 1 015 Intravenous 
pyelograms showed good function of a normally appear- 
ing left kidney The right renal pelvis was never 
satisfactorily visualized, and a faint shadow was seen 
in the region of the upper pole of the right kidney, 
which was thought to be due to a stone Retrograde 
pyelograms of the right kidney showed no definite 
abnormality, but only 8 per cent of phenol sulfonphthalein 
was excreted in fifteen minutes 

The blood pressure while the patient was in the 
hospital at rest in bed averaged 235 systolic and 135 
diastolic On Nov 20, 1942 a nephrectomy was done 
on the right side by Dr Fred Garvey There was an 
immediate postoperative fall in blood pressure to 190 
systolic and 110 diastolic, but this promptly rose to a 
level of about 220 systolic and 130 diastolic, where it 
remained until the patient’s discharge from tlie hospital 

Gross and Microscopic Observations on the Kidney — 
Gross Description The specimen consisted of the right 
kidney, which weighed 140 Gm and measured 11 bj' 6 
by 5 cm The capsule stripped without difficultj 
Beneath the capsule were bluish, discolored areas The 
cut surface was pale brown There was no e\i- 
dence of distortion of the cortical architecture, nor was 
there evidence of infarction, scars, cysts, cavities or new 
growths The cortex measured 5 cm and the medulla 
18 cm in thickness The calicos did not present abnor- 
malities, and the papillae were sharp tipped The renal 
pelvis contained some fat, but there was no evidence of 
dilatation of the structure No stones were present 
Approximately 4 cm of the superior portion of the 
attached ureter was included, and there was no e\idence 
of constriction or dilatation 

Microscopic Description Many arterioles of the 
kidney showed sclerosis with subendothelial deposits 
of hyalin and thickening of the intima with narrowing 
of the lumen An occasional afferent arteriole was 
observed m which there was an area of early necrosis 
but necrotic foci were not seen in the glomeruli A 
majority of the glomeruli appeared normal, but scat- 
tered throughout tlie cortex were occasional fibrosed 
glomeruli A few glomeruli were seen in which the 
capsular epithelium appeared thickened but no definite 
epithelial crescents were present In some areas the 
renal tubules had been replaced by fibrous tissue, and 
an occasional dilated tubule was seen A few tubules 
were lined by cells which contained pyknotic nuclei 
The lesions present in this kidney had a patchy 
distribution 

Diagnosis The diagnosis was arteriolonephro- 
sclerosis with artenolonecrosis 

Two months after nephrectomy the patient stated that 
she had noted considerable symptomatic improvement 
The headache was much improved However, the blood 
pressure, measured at frequent intervals by her phy- 
sician, remained at the usual preoperative level 

Comment — In this case nephrectomy was rlone 
because of suggestive pyelographic evidence of 
unilateral renal disease, and on the chance, ad- 
mittedly slight, that if this was true some im- 
provement might be gamed by the removal of 


the kidney The lesion proved to be artenolo- 
nephrosclerosis, undoubtedly bilateral, and the 
nephrectomy did not alter the blood pressure 

Case 3 — M C, a 36 year old woman, seieral jears 
before admission to the hospital had had an attack 
of pain in both flanks, most severe on the right, and 
had passed blood m the urine At that time a cysto- 
scopic examination was made, but no stones were 
found She had known for several years that she had 
a tendency toward an increase in blood pressure The 
highest pressure ever found was 178 systolic, but at 
times It has been as low as 120 systolic She had had 
pain under the left costal margin which radiated into 
the left shoulder and which w'as not related to exertion 

The significant findings on physical examination w'ere 
definite tenderness at the right costo\ ertebral angle and 
a palpable but not necessarily enlarged right kidne\ 

While the patient w’as in the hospital the blood 
pressure varied between 145 systolic and 100 diastolic 
and 110 sjstohc and 80 diastolic, the a%erage pressure 
being about 125 systolic and 90 diastolic The exami- 
nation of tlie urine ga\e negative results, and the urine 
was sterile on culture The maximum specific gra\iU 
attained (Fishberg technic) was 1 029 C^stoscoplc 
examination revealed a stone m the right ureter, wuth 
marked hjdronephrosis and complete destruction of 
the right kidnc} 

In February 1941, the right kidney was remoied 
The blood pressure readings since that time are April 
1941, 140 sjstohc and 80 diastolic, July 1941, 150 and 
80, August 1941, 160 and 100, April 1942, 160 and 80, 
January 1943, 150 and 105 At the time of the last 
reading the patient was seven months pregnant and 
apparently doing well 

Commeiif — In this case the hypertension was 
minimal, of only a few years’ duration and asso- 
ciated with a ureteral stone, severe hydro- 
nephrosis and destruction of the kidne}’^ Undei 
these, ordinarily favorable, circumstances re- 
moval of the destroyed kidney did not produce 
any improvement in the hypertension Tw'o 
years later the blood pressure was slightly highei 
than it was before nephrectomy 

Case 4 — A 20 year old student first experienced a 
sudden severe pain in the left upper quadrant of the 
abdomen m November 1918 The pain gradually 
decreased in severity over a period of three days, but 
a sense of soreness in the left upper quadrant, especially 
when the youth was lying on the left side, persisted 
for several months A similar attack occurred in June 
1922, and in April 1930, at which time his blood 
pressure was found to be 190 systolic and 110 diastolic 
At this time the physical examination otherwise gai-e 
normal results, as did the examinations of the blood and 
the urine At about this time he began having persistent 
pain in the left upper quadrant of the abdomen, an 
almost constant dull occipital headache and frequent 
attacks of vertigo In January 1931, the blood pressure 
was 210 systolic and 120 diastolic, and from then until 
Novembei 1935 it ranged between 170 systolic and 110 
diastolic and 210 systolic and 120 diastolic In January 
1936, after an acute attack of pain in the left upper 
abdominal quadrant, he was examined with the cysto- 
scope and the left kidney was found to be enlarged and 
functionless The urine was normal, as it had been on 
frequent examinations since the onset of his illness m 
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1918 In January 1939, the patient began ha^ mg angina 
pectoris, which rapidly became more severe so that he 
had attacks at rest and required as many as 15 glyceryl 
trinitrate tablets in a twenty-four hour period for relief 
At this time the left kidney began to enlarge rapidly and 
became palpable almost to the iliac crest In June 
1939 the left kidney was removed The organ was a 
large hydronephrotic sac which contained practically 
no kidney tissue One branch of the renal artery was 
found to be constricting the left ureter 

On July 9, 1939 the blood pressure was 110 systolic 
and 70 diastolic, in January 1940, 125 systolic and 
90 diastolic, in February 1943, 138 systolic and 92 
diastolic Since the nephrectomy his blood pressure 
has been taken every three to four months and has 
remained at tiiese levels He has lived an active life and 
has enjoyed excellent health, without headache, vertigo 
or angina pectoris 

Comment — This case illustrates a favorable 
result Although of long duiation, the blood 
pressure was reduced to normal or approximately 
normal levels (the diastolic piessuie remains at 
or slightly above the upper limits of normal) by 
the removal of a functionless, hydronephrotic 
kidney and has remained so for three and one- 
half years 


T \BLE 1 — Effect of Nephrectomy on Blood Pi essure «t 
Cases Collected from the Ltteiature 
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Powers and Murray 
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Richardson 
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Kennedy nnd others i" 
Wilson and Chamberlain "" 


I 

1 


Palmer and others 

s 

1 



Abesiiouse "" 

4 

9 


3 

Totai 

28 

23 

10 

5 


* No follow up on 2 cnses not here Included 
t No dnta given 
t Followed 21 months 

II Inadequate preopern tne blood pressure recordings 
§ Followed 20 months 

GENERAL COMMENT 

Butler,^ m 1937, repoited the case of a 7 3 eai 
old boy with unilateral p} eloiiephritis and In pet - 
tension, whose blood pressure returned to normal 
after nephi ectomy and had x emained so for tw ent}’- 
mouths Since then numerous reports of um- 
lateial nephrectomy in the treatment of hypei ten- 
sion hate appeared = Seventt-hve such cases 


from the literature are leviewed in the present 
report (table 1 ) 

By far the most frequent pathologic condition 
found m the removed kidneys was chronic pyelo- 
nephritis This condition was present m 48 of 
the 75 cases (64 per cent) Other pathologic 
conditions found were renal neoplasms, tuber- 
culosis, calculi and associated pyelonephiilis, 


Table 2 — Pathologic Conditions Found in the Removed 
Kidneys in the Cases Collected from the Liteiafure 
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Renal tuberculosis 

1 
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Renal calculi and pjelo 
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1 
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Aberrant renal artery 





with hydronephrosis 
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Renal infarction 



1 

1 

Occlusion of renal artery 



1 

1 

Traumatic renal injuries 


1 

1 

2 

Hypoplastic kidneys 



1 

1 

Hypernephroma 

5 

2 

1 

S 

Wilms tumor 



1 

1 

Total 

28 

23 

ID 5 

76 


• Inadequate preoperative blood pressure readings 


With or without hydronephrosis, abeiraiit lenal 
vessels with hydronephrosis, renal infarction, 
partial occlusion of the renal artery by a con- 
genital mass of muscle, hypoplastic kidney and 
lesions of the kidney due to trauma (table 2) 

From a review of the isolated case reports one 
might gam the impression that hypertension in 
unilateral renal disease is not an uncommon 
occurrence Howevei, studies of large senes 
of cases tend to invalidate this impression 
Braasch, Walters and Hammer observed 
hypertension in 184 per cent of 1,684 patients 
who were subjected to renal surgical procedures 
of all types Abeshouse found hypertension to 
be present in 17 3 per cent of 167 patients with 
unilateral renal disease who ivere subjected to 
nephrectomy Braasch slated that the incidence 
of unilateral renal disease in patients at the Ma>o 
Clinic w4io were amenable to tieatment was less 
than 1 per cent, but that the hjpertension in 
such patients had frequently been relieied b\ 
operation The most amenable lesion, he de- 
clared, IS atrophic pj elonephritis 

From table 1 it can be readily seen that if a 
two \ear follow-up period is consideied a neecs- 
sar)' criterion the incidence of permanent curc= 
m the cases in the literature in which ncphrec- 
tom\ has been done for h\pertension i<^ low 
Onh 5 of the 75 cases (66* per cent) fall into 
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this gioup (table 3) It is significant that in 
all of these the patients had minimal hyperten- 
sion to begin with and were young The dura- 
tion of the hypei tension befoie operation was 
two yeais oi less in 3 cases, unknown m 1 case 
and eight and one-half years in the case of the 
child lepoited on by Burkland,''* m whom a 
congenital mass of smooth muscle partially 
occluded one renal aiteiy In the case of Bothe 

7 (a) Abeshouse, B S Hypertension and Uni- 
lateral Renal Disease, Surgery 9 942, 1941 , 10 147, 

1941 {b) Barker, N W, and Walteis, W Hyper- 

tension and Chronic Atrophic Pyelonephritis, I A. kl A 
115 912 (Sept 14) 1940, (c) Hj’pertension Associated 
with Unilateral, Chronic Atrophic Pyelonephritis, Proc 
Staff Meet, Mayo Clin 13 118, 1938 (rf) Barnej, J D, 
and Stiby, H L Unilateral Renal Disease \\ ith Arterial 
Hypertension Report of a Case, New England J 
Med 220 744, 1939 (e) Bothe, A E Pyelonephritis 

in Children and Adults with Hypertension, J Urol 42 
969, 1939 (/) Boyd, C H, and lewis, L G 

Nephrectomy for Arterial Hypertension, ibid 39 
627, 1938 {g) Braasch, W F , Walters, W, and 

Hammer, H I Hypertension and the Surgical 
Kidney, I A M A 115 1837 (Nov 30) 1940 (/i) 

Burkland, C E Apparent Cure of Hj'pertension by 
Nephrectomy, J Urol 46 638, 1941 (i) Crabtree, E 

C , and Chaset, N Vascular Nephritis and Hyper- 
tension, I A M A 115 1842 (Nov 30) 1940 (D 
de Takats, G , Heycr, H E, and Keeton, R W The 
Surgical Approach to Hypertension, ibid 118 501 
(Feb 14) 1942 {k) Farrell, I D , and Young, R 

H Hypertension Caused by Unilateral Renal Com- 
piession, ibid 118 711 (Feb 28) 1942 (/) Fried- 

man, M , Selzer, A , Kreutzmann, H , and Samp- 
son, I I The Changes in the Blood Pressure 
and in the Renal Blood Flow and Glomerular Filtra- 
tion Rate of Hypertensive Patients Following Uni- 
lateral Nephrectomy, I Clin Investigation 21 19, 

1942 (?ii) Gibson, T E Hypertension and the Surgi- 
cal Kidney, California & West Med 56 66, 1942 («) 

Kennedy, R L J , Barker, N W, and Walters, W 
Malignant Hypertension in a Child Cure Following 
Nephrectomy, Am J Dis Child 61 128 (Ian ) 1941 
(o) Koons, K M , and Ruck, M K Hypertension in 
a Seven-Year Old Girl with Wilms’ Tumor Relieved 
by Nephrectomy, I A M A 115 1097 (Sept 28) 
1940 (/>) Leadbetter, W F, and Burkland, C E 

Hypertension in Unilateral Renal Diseases, I Urol 39 
611, 1938 (g) McIntyre, D W Unilateral Chronic 

Pyelonephritis with Arterial Hypertension, ibid 41 
900, 1939 (r) Nesbit, R M , and Ratliff, R K Hyper- 
tension Associated with Unilateral Nephropathy, ibid 
43 427, 1940 (j) Nesbit, R M , and Ratliff, R K 

Hypertension Associated with Unilateral Renal Disease, 
JAMA 116 194 (Jan 18) 1941 (<) Palmer, R 

S , Chute, R , Crone, N L , and Castleman, B The 
Renal Factor in Continued Arterial Hypertension Not 
Due to Glomerulonephritis, as Revealed by Intravenous 
Pyelography, New England J Med 223 165, 1940 
(h) Powers, J H , and Murray, M F Juvenile 
Hypertension Associated with Unilateral Lesions of the 
Upper Urinary Tract, JAMA 118 600 (Feb 21) 
1942 {v) Richardson, G O , and Smart, G A 

Nephrectomy in Unilateral Renal Disease with Hyper- 
tension, Lancet 2 594, 1941 (w) Wilson, C L, and 

Chamberlain, C T Unilateral Renal Ischemia Asso- 
ciated with Hypertension Case Report, J Urol 47 
421, 1942 


pieopeiative lecoi dings of the blood piessure 
weie made only twice and can haidly be con- 
sidered adequate In this case it is questionable 
whether hypei tension ever actually existed 

Nineteen (25 3 per cent) of the 75 patients 
piesenled a reduction m blood pressuie to nor- 
mal levels after nephicclomy but when lepoitecl 
on they had been followed for only a few weeks 
to tw^enty-one months after operation and hence 
cannot be considered peimanently cured It is 
safe to predict that a number of patients in this 
group w'lll subsequent!) show' a leturn of the 
blood pressure to hypertensive levels Twent)- 
three (30 6 per cent) of the 75 patients show'ed 
a reduction in blood pressuie after nephrectoim 
but the pressui e failed to retui n to normal levels 
In their cases it is difficult to be certain of the 
effect of the nephrectoni) itself on the subse.- 
quent course of the hypertension The depiessor 
effect of rest in bed alone, and particularly of 
lest in bed plus any surgical procedure, has 
previously been icferred to One must there- 
fore be cautious in crediting a partial or tempo- 
laiy reduction m blood pressure to a specific 
operative proceduie (such' as nephrectomy) 
Finally, m 28 (37 3 pei cent) of the 75 pa- 
tients no reduction m blood pressure was ob- 
seived after nephiectom) 

Thus, 31 9 per cent, oi approximately one 
third, of the patients whose cases form the 
basis for this report can be considered to 
have shown a reduction in blood pressure to 
noimal levels following unilateral nephrectom) 
However, only 5 of these patients have been 
follow'ed foi as long as tw'o years after operation 
and can be consideied permanently cured Final 
evaluation of the results for the remaining pa- 
tients must be deferred until sufficient time has 
elapsed to determine with more certainty wdiether 
the blood pressure has been peimanently i educed 
to normal levels One third of the patients liaie 
shown a reduction in blood pressuie, but nevei 
to noimal lei els, and still remain hypertensive 
The patients in this gioup, howevei, usuall) 
experienced considerable symptomatic impiove- 
ment 

Recent expeiimental observations aie of in- 
terest in this legard Friedman, Jaiman and 
Klemperer ® produced sustained hypertensidn m 
lats by means of unilateial renal injury Sub- 
sequent removal of the injured kidney froin 
the hypertensive animals lesulted in a decline ^ 
in blood pressure but not to the pieiious norma j 
levels This elevation of blood piessure was 

8 Friedman, B , Jarman, J, and Klemperer, P 
Sustained Hypertension Following Experimental 
lateral Renal Injuries Effects of Nephrectomv, Am 
J M Sc 202 20, 1941 
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maintained for long peiiods after the injured 
kidney had been removed Grollman, Hanison 
and Williams ® obseived that application of cloth 
01 collodion to one kidney caused hypertension 
in a small peicentage of otherwise normal lats 
and that subsequent lemoval of the kidney did 
not lesult in a significant decline in blood pres- 
suie Furtheimore, they observed that removal 
of one kidney from normal lats occasionally re- 
sulted in a slight but measuiable nse in blood 
piessure 

Finally, in one thud of the cases no change 
was observed aftei nephrectomy, or the hj^pei ten- 
sion was made definitely woi se by the opei ation 
Three of the additional cases reported heie fall 
into this group and ai e included to point out the 
dangers of nephiectomy foi peisons with hyper- 
tensive disease and to emphasize the necessity foi 
caieful study of all patients suspected of having 
unilateral lenal disease and hypei tension befoie 
nephiectomy is done As has been indicated. 


moval can be expected to alter the blood pi essure 
appreciably The opposite kidney, on the othei 
hand, must be functioning normally so fai as 
its function can be measured by means of pyelog- 
raphy and by the recognized clinical measures 
of lenal function Caieful bacteriologic study 
of the urine from the normal kidney must be 
made before one can be ceitain of the absence 
of infection 

In regard to the evaluation of lenal function, 
a 1 ecent repoi t by Chasis and Redish aptly 
pointed out that most of the common tests of 
lenal function, including pyelography, may at 
times be uniehable By coi relating the results 
of pyelography and of othei tests of renal func- 
tion of the sepaiate kidneys of 21 hypei tensne 
patients, they were able to demonstiate that 
inequality in flow of urine can leadily lead to 
misinterpretation of the results of excretoiy tests 
of renal function The lesults of dye concen- 
ti ation tests ma}'- diffei for the two kidneys, yet 


Table 3 — Five Cases jiom the Litciature tn Winch the Blood Picsstuc Had Remained Notmal 

Foi at Least Tzvo Yeats After Nephiectomy 


Author 

Age 

Pre 

optiative 

Blood 

Pressure 

Post- 

opeialhc 

Blood 

Pressure 

Burklond ih 

9 

155/105 

105/65 

Botlie I® 

7 

130/90-130/S3 

110/65 

theshouse "'i 

21 

14S/8G 

120/80 

0 

29 

144/92-150/96 

122/78 


85 

140/84-1CO/100 

135/80 


Uurution 

Years 


of 

After 


Hjpertension 

Operation 

Pathologic Diagnosis 

8 5 years 

36 

Ilipoplastie c( topic peUie kidnoi 
with partial occlusion of renal 
artery by congenital mass of 
smooth muscle 

Unknown 

4 5 

Aberrant renal vessels with hidro 
nephrosis 

1 year 

4 

Tuberculosis 

1 jear 

2 

IWbcrculoBis 

2 \eors (?) 

7 5 

Chronic pjeloncphrltls hidro 
nephrosis 


the incidence of hypei tension in unilateral lenal 
disease m patients who are amenable foi tieat- 
ment (nephiectomy) is low, and moie careful 
selection of patients foi the operation is neces- 
saiy if a reasonable success is to be attained 
In any case in which unilateial renal disease 
IS suspected and in which nephiectomy is con- 
templated It is obvious that the functional status 
; of both kidneys is of utmost impoitance and must 
be caiefully appraised This is especially true 
if hypertension exists, for the removal of one 
kidney, if it retains any function at all, mil place 
an inci eased load on the lemaining organ, which, 
It Its function is but slightly impaiied, wull result 
in lelatne oi functional ischemia of that organ 
fn such a case theie can be little hope of eflecting 
‘iny permanent change in the blood pressure 
It follow's, then, that the diseased kidney should 
be fuiictionless oi piactically so befoie its le- 

9 Grollman, A , Harrison, T R, and Williams, J 
k The Hcchanism of EKperimental Renal H^per- 
nnsion in the Rat The Relatue Significance of 
kressor and Anti-Prcssor Factors, to be published 


their blood flow' as measuied by diodiast cleai- 
ance technics may be equal Thus, the) con- 
clude that “excretory tests comparing the func- 
tion of the two kidneys should theiefoie be 
evaluated wuth caution, for inequality m uiiiic 
flow of itself can account foi variations m specific 
gravit) of the urine, m appearance time and 
lelative concentration of djes and m the roent- 
gen shadow^s m excietoi) pyelograph} ” This 
being true, it is obvious that in the tieatment 
of hypertension special care must be taken to 
demonstrate definite fuqctional impaiiment m 
any kidney before it is remoied 

Furtheimoie, the age of the patient and dma- 
tion of the hjpcrtension should be given caieful 
consideration, for the older the patient and the 
longei the duration of the hjpertcnsion tlic 
greatei is the likelihood that arteriosclerotic and 
arteriolosclerotic changes ha\e occurred m the 
opposite kidne\ .Vs has been emphasized \\ iu n 

10 Chasis, H , and Redish, J Function o' the 
bepyme Kidncjs in Hjpcrtcn‘-i\e Subjects, ^tc,> Int 
Med 70 728 (Xoi ) 1942 



130 


ARCHIVES OF INTERNAL MEDICINE 


theie IS disease present in the remaining kidney 
which impairs its function theie can be little hope 
that nephrectomy will effect any lasting improve- 
ment in the Itypertension Of equal impoitance 
is the functional status of the kidney to be re- 
moved Unless this organ is functionless or its 
function is markedly diminished, its lemoval 
can be expected to lesult in an increase m the 
seventy of the hypertension rather than in a 
1 eduction of the blood pressure toward normal 

The following ciiteiia for the selection of 
patients with hypertension for whom nephrec- 
tomy IS indicated should be rigidly met if leason- 
able success is to be obtained 

1 The diseased kidney should be functionless 
01 Its function greatly diminished 

2 The opposite kidney should function nor- 
mally 

3 The hypei tension should be of shoit dura- 
tion 

4 Other factors being equal, the younger the 
patient, the gieatei the chances of favoiablc 
lesults following nephiectomy 

It should be ptnnted out that even though these 
ciiteiia are met there can be no ceitainty that a 
faAOiable i espouse will be obtained This fact 
IS illustrated in case 2 reported here Howevei, 
if in the future cases are selected with care and 
with proper evaluation of the factors that ha^e 
been discussed, the percentage of favorable re- 
sults should be inci eased, and those instances in 
which the hypei tension is made woise b} 
nephrectoni}'^ may be avoided 


SUMMARY 

Only 5 of the 75 cases of hypei tension taken 
from the hteiature meet the requiiements for 
cure aftei nephrectomy Approximately one 
third of the patients had a fall in blood pressure 
to normal levels but had been followed for less 
than two years at the time their cases were 
lepoited One third had a reduction in blood 
pressure but remained hypertensive, while in 
one third the blood pressure was unchanged or 
increased in severity 

The most common pathologic condition in 
the removed kidneys was chronic pyelonephi itis 
A two year follow-up period is necessary be- 
fore hypertension can be considered cured by 
nephrectomy 

Cases m which unilateral nephrectomy is indi- 
cated for hypertension are rare, and there is need 
for more caieful selection of such cases 

The removal of a kidney, if it letains am 
function at all, is likely to increase the seventy 
of the hypertension rather than to improve it 
This IS tiue even though the function of the 
opposite kidney is entirely normal 

The usual tests of lenal function may at times 
be unreliable,® and in the light of this fact special 
care and consideration must be given to evalua- 
tion of the function of each kidney before 
nephrectomy is performed 
The age of the patient and the duration of the 
hypertension are additional factors of importance 
m the selection of suitable cases for nephrectomy 
in the treatment of hypei tension 

Bowman Grav School of Medicine, Wake Forest 
College 



A NEW AID IN CONTROL OF HEMORRHAGE IN SEVERE 

DAMAGE TO THE LIVER 

transfusions or blood fortified by administration or vit\min k to donors 
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The study of vitamin K and its i elation to 
coagulation of blood has been completed m manv 
of its details, with most of the research following 
three lines of investigation 
The hist is based on the work of Dam,^ who 
observed that when chicks were placed on a diet 
low in fat, a hemorrhagic disease developed He 
demonstrated that this was a specific avitaminosis 
and that the bleeding tendency was due to hypo- 
prothrombinemia It has been further shown 
that this deficiency can be cuied by feeding 
extracts of alfalfa or puliefied fish meal 
The second is based on the well known fact 
that patients with obstructive jaundice and 
biliary fistula acquiie hemoirhagic tendencies 
and that the likelihood of bleeding inci eases with 
the length of time and the completeness with 
which bile is excluded from the intestinal tract 
Warner, Brinkhous and Smith ^ and Butt, Snell 
and Osterberg*' almost simultaneously leported 
the efficacious therapeutic use of vitamin K in 
treatment of bleeding due to jaundice Since 
then there have been many reports of the 

Prepared under the supervision of Colonel Charles 
B Callard, Medical Corps, United States Army, from 
lecords of patients in the Station Hospital, Camp 
Blanding, Fla 

Lieutenant Colonel Duward O Wright and Major 
Tere Annis, Station Hospital, Camp Blanding Fla , co- 
operated m this work and made many helpful 
suggestions 

1 Dam, H Hemorrhages in Chicks Reared on 
Artificial Diets New Deficiency Disease, Nature, Lon- 
don 133:909 (June 16) 1934 

2 Warner, E D , Brinkhous, K M , and Smith, 
H P Bleeding Tendency of Obstructive Jaundice 
Prothrombin Deficiency and Dietary Factors, Proc Soc 
E\per Biol & Med 37 628 (Jan ) 1938 

3 Butt, H R , Snell, A M , and Osterberg, A E 
The Use of Vitamin K and Bile m Treatment of the 
Hemorrhagic Diathesis in Cases of Jaundice, Proc Staff 
Meet, Mayo Chn 13 74 (Feb 2) 1938 

4 (a) Stewart, J D , and Rourke, G M Control of 

Prothrombin Deficiency in Obstructnc Jaundice b\ Use 
of Vitamin IC, JAMA 113.2223 (Dec 16) 1939 
H>) Stewart, J D Prothrombin DeficicncA and the 
Effects of Vitamin K m Obstructive Jaundice and Biliary 
Pistula, Ann Surg 109 588 (April) 1939 (c) Allen, 

J G , and Julian, O C Response of Plasma Prollirom- 
Mn to Vitamin K Substitute Therapv m Cases of Hepatic 
Hiseasc, ibid 41-1363 (Dec) 1940 (d) Greene, C H 

‘ ner and Bilian Tiact A Reiien of 1940, treh Int 


theiajieutic value of vitamin K against hypo- 
pi othrombinemia due to obstructive jaundice, 
biliaiy fistula and mild to model ate damage of 
the liver 

The third is based on the obsei vations of 
Brinkhous, Smith and Warner, who repoited 
that theie is a uniform reduction m the plasma 
prothrombin levels in the newborn thioughout 
infancy This l^^popi othrombinemia sometimes 
1 caches the hemorrhagic level m a newborn 
infant even though the mothei’s concentiation 
of prothrombin has remained noimal dunng the 
piegnancy and delivery® Many authois have 
reported that the hypopi othrombinemia of the 
newborn lesponds leadily to vitamin and 
that the deficiency of piothiombm in the new'- 


Med 67 867 (April) 1941 (c) Butt, H R , Snell, 

A Al, and Osterberg, A E The Preoperative and 
Postoperative Administration of Vitamin K to Patients 
Having Jaundice, J A M A 113.383 (July 29) 1939 
(/) Pohle, F J , and Stewart, J K Observations on 
the Plasma Prothrombin and the Effects of Vitamin K 
in Patients with Liver or Biliary Tract Disease, J Chn 
Inv'cstigation 19-365 (March) 1940 (g) Lord, J W, 

Jr , Andrus, W DeW , and Afoore, P A AJetabohsm 
by Vitamin K and Role of the Liver in Production of 
Prothrombin in Animals, Arch Surg 41-585 (Sept) 
1940 (h) Warner, E D Prothrombin Effect of 

Partial Hepatectomy, J E\per Aled 68 831 (Dec ) 
1938 

5 Brinkhous, K Af , Smith, H P, and Warner, 
E D Plasma Prothrombin Lev^el in Normal Infancy 
and in Hemorrhagic Disease of the Newborn, Am J 
AI Sc 193 475 (April) 1937 

6 (a) Stewart, J D Clinical Significance of Pro- 

thrombin Deficiency and Its Treatment, Ann Surg 
114 907 (Nov) 1931 (b) ShcUles, L B . Delfs, E, 

and Heilman, L AI - Factors Influencing Plasma Pro- 
thrombin m the Newborn Infant II Antepartum and 
Neonatal Ingestion of Vitamin K Concentrate, Bull 
Johns Hopkins Hosp 65.419 (Nov ) 1939 

7 (a) Brinkhous, K M Plasma Prothrombin 

Vitamin K, Alcdicine 19:329 (Sept) 1940 (b) Beck, 

^ C , Taylor, E S , and Colburn, R F Vitamin 
K Administered to the Alother During Labor as a 
ProphvIa.\is Against Hemorrhage in the Newborn In- 
lant, Am J Obst & Gynec 41 765 (Alay) 1941 (c) 

McCready, R L , Callahan, E T , and Grandin, D J 
Parenteral Vitamin K Therapy m Antepartum Women 
and Its Effects on the Infants’ Prothrombin Levels, ibid 
42-398 (Sept) 1941 (d) Pray, L G, AfcKcovn. 

H S, and Pollard \\ E Hcniorrhae:ic of 

the Newborn, ib d 42 836 fXov ) 1941 (c) Stewart 
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boin infant can be pi evented b)' admnnstei ing 
vitamin K to the mother a few horns before 
dehveiy® When the amount of piothiombm 
was normal in the mothei, there was little or 
no change after administering vitamin K 

One of the pioblems now remaining in this 
field IS the control of hemoiihage associated 
wnth seveie damage to the liver ® Bollman, Butt 
and Snell stated that “seveie hepatic injuiy 
IS invaiiably associated wnth a deficienc}' of 
prothrombin in the cnculatmg blood If the 
hepatic injuiy is seveie enough, the administra- 
tion of vitamin K is not efiective in coirecting this 
deficiency of piothiombm ” Kark and Soutei '* 
concluded that the low'd ed prothiombin le\el in 
seveie widespread hepatic damage will remain be- 
low' hemoi 1 hagic level despite vitamin K tlici apj' 
and that w'hen the pi othi ombm remains below 30 
to 35 per cent of normal aftei vitamin K therapy 
the outlook is giave Ziffien, Ow'en, Warner 
and Peterson, aftei w'lde clinical use of vitamin 
K, expressed the opinion that disease of the liver 
interferes w'lth i espouse of the prothiombin 
level to vitamin K therapy m human patients 
Allen and Julian cited 10 cases of intrahepatic 
jaundice without response to vitamin K and 2 
with delayed i espouse Abbott and Plolden 
studied 12 cases of modeiately far advanced 
Laennec cinhosis of the livei with piothrombin 
values langing from 40 to 86 pei cent of noimal 
Several patients received vitamin K, without 
lesponse In 1 case the piothrombin level 
giadually loweied fiom 40 to 25 pei cent of 
normal m spite of vitamin K and the patient 
finally died fiom hepatic failuie Stewait and 
Rourke stated “In general terms, the longer 
the duration of the jaundice and the gieatei the 
liver damage, the lower the plasma piothiombm 
concentiation ” Stewart expressed the opinion 
that the Iiypoprothrombmemia m hepatic disease 

8 (a) Smith, H P , Warner, E D , and Bnnkhous, 

K M Prothrombin Deficiency and the Bleeding Ten- 
dency in Liver Injury (Chloroform Intoxication), J Ex- 
per Med 66 801 (Dec ) 1937 (b) Bollman, J L , 

Butt, H R , and Snell, A M The Influence of the 
Liver on the Utilization of Vitamin K, JAMA 
115 1087 (Sept 28) 1940 (c) Ziffren, S E , Owen, 

C A , Warner, E D , and Peterson, F R Hypopro- 
thrombinemia and Liver Function, Surg , Gynec & Obst 
74 463 (Feb , no 2A) 1942 (4) Sweet, N J , 

Lucia, S P , and Aggeler, P M The Chnico-Pathologic 
Correlation Between Hepatic Damage and the Plasma 
Prothrombin Concentration, Am J M Sc 203 665 
(May) 1942 (e) Abbott, W E, and Holden, W D 

Prothrombin Test as a Diagnostic and Prognostic Aid, 
Arch Surg 45 261 (Aug ) 1942 (/) Stewart (p) 

Allen and Julian (b) Greene (i) Butt, Snell and 
Osterberg^® (j) Pohle and Stewart (k) Shettles, 
Delfs and Heilman (/) Bnnkhous 

9 Kark, R, and Souter, A W Response to Vita- 
min K — A Liver Function Test, Lancet 2 693 (Dec 6) 
1941 


IS not pi opol tionate to the jaundice and that in 
the acute, severe diseases, such as acute yellow 
atiophy, the ptothrombin deficiency frequently 
1 eaches the hemorrhagic zone The experi- 
mental evidence in suppoit of the lole played 
by the liver m the pioduction of prothrombin 
is to be found in the w'ork of Andrus and his 
colleagues and of Wai ren and Rhoads,^^ who 
by total and partial hepatectomy in animals 
pioduced profound Iiypoprothrombmemia which 
w'as not affected by vitamin K or bile salts 
Allen and Vermeulen stated “It would 
appeal that piothiombm is activel) destrojed in 
Mvo, at least w'hen the Iner is damaged or 
removed ’’ They cited the case of a patient with 
an external biliaiy fistula w'ho had spontaneous 
hemoi ihagcs fouiteen months aftei development 
of the fistula and w'as gi\en 7,200 cc of blood in 
tlnrty-six houis, w'lth control of the bleeding 
How'ever, in two days spontaneous bleeding le- 
cuiied, despite the fact that the amount of blood 
given by transfusion appioximated the calculated 
total blood volume They emphasized the futility 
of transfusion alone m combating hemorrhage 
due to h 3 'poprothrombmemia If vitamin K fails 
to increase the prothrombin, Kark and Souter 
pointed out, there are only tw'o othei therapeutic 
measures available — transfusions of fresh blood 
01 of fresh plasma According to Stewart,®" a 
500 cc transfusion of average whole blood to a 
patient w'lth moderate hypopi othrombineima 
may be expected to effect a tiansitory rise in 
the adult patient’s plasma concentration of about 
10 pel cent Andrus and Lord cited a case 
of thrombosis of the hepatic artery and the portal 
vein with massive necrosis of the liver in which 
the prothiombin content remained around 25 per 
cent of normal m spite of administration ot 
vitamin K and transfusions Apparently in this 
case tiansfusions of w'hole blood had little effect 
on the piothiombm Lord and Andrus re- 
ported that the plasma prothrombin falls to 

10 Andrus, W DeW , Lord, J W , and Moore, R A 
The Effect of Hepatectomy on Plasma Prothrombin and 
the Utilization of Vitamin K, Surgery 6 899 (Dec ) 
1939 

11 Warren, R, and Rhoads, J E Hepatic Origin 
of the Plasma Prothrombin, Am J M Sc 198 193 
(Aug) 1939 

12 Allen, J G , and Vermeulen, C Destruction of 
Prothrombin and Storage of Vitamin K, Arch Surg 
42 969 (June) 1941 

13 Andrus, W DeW , and Lord, J W Clinical 
Investigations of Some Factors Causing Prothrombin 
Deficiencies Significance of the Liver in Their Pro- 
duction and Correction, Arch Surg 41 596 (Sept ) 1940 

14 Lord, J W , and Andrus, W DeW Differentia- 
tion of Intra and Extra Hepatic Jaundice Response of 
the Plasma Prothrombin to Intramuscular Injection of 
Menadione (2-Methvl-l 4-Naphthoquinone) as a Diag- 
nostic Aid, Arch Int Med 68 199 (Aug ) 1941 
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10 pel cent of noimal fouiteen hours aftei 
hepatectomy m animals They were of the 
opinion that jaundice was of intiahepatic type 
if aftei 2 mg of menadione was given there 
was less than 10 pei cent rise m piothrombm in 
Iw^enty-foui houis and less than 15 pei cent in 
loitj^-eight houis 

Duimg the past year 663 cases of intiahepatic 
jaundice^® have been obseived at the Station 
Hospital at Camp Blandmg Fne of the 
patients had acute yellow atrophy, with the 
plasma piothrombm reduced to such an extent 
that severe spontaneous hemoiihages occuired 
These patients weie given laige doses of vitamin 
K, without response, and laige tiansfusions of 
wdiole blood, with minimal changes m the 
])iothiombm and no effect on the bleeding The 
lust of these 5 patients w^as given 10 to 30 mg 
of menadione mtiamusculaily and 1,000 to 2,000 
cc of wdiole blood daily In spite of this, the 
piothrombm fell to 8 pei cent of noimal, the 
bleeding inci eased and the patient died from 
geneialized hemoiihages and hepatic failuie 
Autopsy 1 evealed a small livei with sevei e yellow 
atiophy and laige generalized hemoiihages In 
1 lew of this case and of repoi ts by other investi- 
gatois of the failuie of sevei ely damaged livers 
to lespond to vitamin K, it w^as decided to ti)' 
tiansfusions of blood foitified by administration 
of vitamin K to the donors This method was 
suggested by the obstetiician’s administration of 
A itamin K to the mother pi loi to delivery, even 
though her piothiombin level is noimal, to pre- 
^ent deficienc) of piothiombm in the newborn 
infant 

METHOD 

Ptcpaialwti of Donois — Hcalthj' white men with 
pi othronibiii Iciels between 90 and 100 per cent of nor- 
mal were selected, and their blood was cross matched 
w'lth tiie patients’ Determinations of prothrombin, 
hemoglobin, white blood cell count sedimentation rate 
and serologic reaction for syphilis W’ere made for 
c icli donor In most cases tlic determination of pro- 
thrombin was repeated immcdiatel} prior to withdrawal 
of blood for the transfusion Donors in cases 1 and 2 
weie gnen 18 mg of menadione (2-methjl-l,4-naphtho- 
quinone) intramuscularh within the tw'enty-four hours 
piior to the tiansfusion During this time the donor 
was allow'cd twelve hours icst, fluids were limited to 
2,500 cc , ingestion of alcohol was not allowed and an 
adequate diet was consumed In the third and fourth 
cases the procedure ^arIcd Some donors reccned 
oialh 20 to 30 mg of menadione with bile salts wathin 
fort% -eight hours of the tiansfusion Others received 6 
to 12 mg of menadione m aqueous solution intra- 
\cnoush, and still others recened IS mg of menadione 
m oil intramusculaih One donor recened onh 3 2 mg 
ot menadione intramuscularh six hours before the trans- 
fusion Two donor<; leccned natural \itamin K derned 
irom fish meal No ill cfTccts on the donors a\erc 


15 The Outbreak of Jaundice in the Arm^, Circular 
I-ctler No 95, Office of the Surgeon General, -^rm} M 
Bull , 1942, no 64 p 179 


noted m any case The piothiombm content in the 
blood of the donors remained essentiallj the same before 
and after they reccned vitamin K 

Detciimmiion of Pi otJu ombm — Unfortunately, detei- 
minations of prothrombin could not be made as fre- 
quentb’’ as desired, and it was necessary to use two 
methods In the tables the aalues followed by an 
asterisk w’ere determined by the Quick method Bv 
this method 5 cc of blood w'as carefully w'lthdiawii in 
a tube containing 0 5 cc of 1 34 per cent solution ol 
sodium oxylate The test w'as made in duplicate with 
a control Unfortunatelj, wdien this method was used 
the same control w’as not always available The test 
W’as pei formed bj mixing in a small test tube 0 1 cc 
of plasma and 0 1 cc of thromboplastin extract (Difeo) 
To this 0 1 cc of calcium chloride solution (111 Gm oi 
anhydrous chemically pure calcium chloride dissolved 
in 400 cc of distilled water) w’as added, and the mixture 
W’as agitated for five seconds m a watei bath The 
coagulation time of the normal control m these tests 
W’as usually fourteen seconds The end point W’as con- 
sidered to be the point W’hen the mixture failed to run 
down the side of the tube 

The values determined by the Smith bedside method ^ ' 
aie not marked in the tables This technic was as 
follows In a 3 cc test tube was placed 0 1 cc of 
thromboplastin solution (Difeo) Fieshly diaw’ii blood 
was then added up to the 1 cc mark The tube was 
inverted once and then tilted gently until clotting was 
complete, as evidenced bv failure of the blood to run 
dow’n the tube m a changed jiosition A determination 
on blood of the same noi mal control (R K ) w’as made 
W’lth each test The usual piothrombm time of the 
contiol was between nineteen and tw’enty-fivc seconds 
Clotting activity is expressed as a peicentage of noimal 
A value of SO to 100 per cent is considered normal 

REPORT or CASES 

Case 1 — B S , a 24 lear old Negro, w'as admitted 
to the hospital June 1, 1942, because of anorexia, post- 
prandial epigastric distress, weakness and daik urine 
of four days’ duiation His past health had been good, 
and there had been no pre\ious episodes of jaundice 
He did not use alcohol or tobacco in anj' form On 
examination on admission he appeared well developed 
and well nourished but somewhat ill Iherc was mod- 
erate jaundice of the scleras and mucous membranes 
The heart, lungs, spleen and Iner were essentiallj 
noimal The stools were light but contained some 
bile, the urine w'as dark and contained a large amount 
of bile The hemoglobin content and the red blood 
cell count weie normal, the white blood cell count was 
4,300, the Kahn reaction was negative, and the ictcrit 
index W'as 57 The course was gradualh downhill foi 
the first two W’eeks, but after that the patient rapidl\ 
grew worse On June 25 tlie administration of 6 4 mg 
ol menadione intramuscularlj dailj was started because 
the prothrombin content was 42 per cent of normal 
Bj June 29 the hepatic luer dulness had diminished 
to 2 cm abo\e the costal margin, the icteric index 
had mounted to 361, and a hemorrhagic tciidcncj had 
dc\ eloped See ere bleeding now occurred after he 

36 (a) Quick, \ J The Coagulation Defect m 
Sweet Cloeer Disease and in the Hemorrhagic CliicI 
Disease of^Dietare Origin, Am J Phesiol 118-260 
(Feb ) 1937 (b) Quick, A J Determination of Pro- 

thrombin Proc Soc Exper Biol &. Med 42 788 (Dec ) 
1939 

17 Smith, H P Ziftrcn, S E , Owen, C A, ard 
HofTman G R Clinical and Experimental Stumes on 
K T \ M A 113-380 fjuh 29) 1939 
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cleaned his teeth or ate any food The following morn- 
ing' the patient was stuporous, and by afternoon he was 
comatose The patient was given 1,500 cc of fresh 
plasma with SO per cent prothrombin content daily 
from June 29 to July 2, and on July 2, 3 and 4 he 
was given 1,000 cc of plasma and 500 cc of whole 
blood In spite of this therapy, the bleeding continued 
to increase, the prothrombin time was 18 per cent of 
normal, and on July 4 the condition of the patient 
became critical It was decided to give a donor large 
doses of vitamin K and give the patient a transfusion 
of his blood On July 5 there was bleeding from the 
gums, throat, urinary tract and rectum The following 
day, July 6, the bleeding had increased The patient 
was given a transfusion from the prepared donor, and 
the bleeding gradually ceased over a period of four 
hours, with the prothrombin increasing from 8 per 
cent to 34 per cent of normal Table 1 lists the trans- 
fusions and then effects on the bleeding and on the 
prothrombin content The patient recened transfusions 


was less than one-half the normal size, with almost 
no hepatic cells remaining, owing to the severe yellow 
atrophy, there were marked degeneration of the corpus 
striatum, extensive bronchopneumonia and almost com- 
plete disappearance of striated muscle tissue 

Case 2 — B M G , a 29 year old white man, was 
admitted to tiie hospital June 24, 1942, with complaint 
of having noticed anorexia, malaise and "yellow color 
of the skin” for the past three days His general 
health had always been excellent He was accustomed 
to drink about tw'o bottles of beer each week and to 
smoke a package of cigarets daily There had been no 
previous attacks of jaundice or other serious illnesses 

The patient was a tall, rather thin blond, who 
appeared somewhat lethargic On physical examina 
tion there was marked icterus of the scleras, mucous 
membranes and skin, the edge of the liver extended 
2 cm below the costal margin, and at times the patient 
was euphoric The hemoglobin content w’as 90 per 


Table 1 — Effects of Transfusions on Bleeding and on Prothi ombin Level m Case 1 
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Prothrombin Between 
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x-rut-nroiiiuiu 
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and Deter 
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Cc 

Cc 

of Normal 
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24 Hours 

Bleeding Tendeney 

7/ 4/42 
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18* 



0 

Ornl, gastrointestinal, renal and 








subcutaneous hcmorrhnges 

7/ 6/42 






0 

Ornl, gastrointestinal, renal and 








subcutaneous hcmorrhnges 

7/ 6/42 

500 


8 

34 
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Ornl, gastrointestinal, renal and 








subcutaneous hemorrhages 

7/ 7/42 

500 



40 

4 

0 

No bleeding 

7/ 8/42 

oOO 


49 

05 

0 

0 

No bleeding 

7/10/42 

500 


62 

OS 

0 

0 

No bleeding 

7/15/42 

500 


40* 

68* 

0 

0 

No bleeding 

7/17/42 

500 


40* 

63* 

0 

0 

No bleeding 

8/24/42 


500 

10 

22 

b 

0 

Ornl bleeding 

8/26/42 


500 

10 

12 

4 

0 

More severe oral and rectal bleeding 

8/25/42 
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12 

81 

4 

Censed 

More severe ornl and rectal bleeding 

8/25/42 




oi 

8 

0 

No bleeding , , 

8/26/42 




65 

24 

0 

Reaction to transfusion no bleed 

8/27/42 




44 

60 

0 

Ing 

No bleeding 

8/28/42 

500 


15 

45 

12 
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Severe ornl and gastrointestinal 








bleeding 

8/29/42 

500 


42* 

03* 

8 

0 

No bleeding 

8/30/42 

500 



76* 

24 

0 

No bleeding 

8/31/42 

600 


75* 

75* 

4 

0 

No bleeding 


* Determined by Quick method (otber values obtained by the Smith ’‘bedsldo’’ technic) 


and plasma at other dates, without bleeding, which are 
not listed in the table because determinations of pro- 
thrombin were not made 

During the early part of August, the patient showed 
many of the usual signs of progressive lenticular 
degeneration There were tremors, affective mental 
disturbances, dysarthria, dysphagia and hypertonia of 
the extremities, without evidence of involvement of the 
pyramidal tracts Fleischner bodies were not observed 
The patient had further bleeding on August 24, with 
a prothrombin content of 35 per cent of normal 
Transfusion of 500 cc of whole blood and 1,000 cc 
of fresh plasma had no effect on the bleeding and a 
minimal effect on the prothrombin level The bleeding 
grew worse, and more fresh blood and plasma had 
little effect, but in the afternoon of August 25, 500 cc 
of fortified blood controlled the bleeding in four hours 
and increased the prothrombin to 52 per cent of normal 
m eight hours 

There w^as a moderately severe thermal reaction to 
fortified transfusion on August 26, and transfusion was 
omitted on August 27, only to have bleeding develop 
the following day This was again controlled by forti- 
fied transfusions and kept under control until the 
patient’s death, September 11 At autopsy the liver 


cent, the red blood cell count 4,500,000 and the white 
blood cell count 10,200 The icteric index was 66, the 
urine contained bile but otherrvise was normal, the 
stools were light m color but contained some bile 
The nonprotein nitrogen content of the blood was 35 
mg per hundred cubic centimeters, the cholesterol con- 
tent 160 mg and the total protein 6 4 Gm , the pro- 
thrombin content was 75 per cent of normal, and the 
Kahn reaction was negative 
By July 7, the icteric index had increased to 200, 
the patient was stuporous and a persistent mild pur- 
puric rash had developed The prothrombin had 
decreased to 40 per cent of normal The patient w'as 
given 9 6 mg of menadione intramuscularly daily, but 
the prothrombin level continued to fall and the pur- 
puric rash remained unchanged On July 10, the pro- 
thrombin content was 30 per cent of normal, and 500 cc 
of whole blood and 1,000 cc of fresh plasma were 
given along with 9 6 mg of menadione There was ^ 
no effect on the prothrombin, and later a few hemor- 
rhages developed m the skin and mucous membranes 
from minimal trauma Table 2 enumerates the trans- 
fusions and determinations of prothrombin 

On July 11, the patient was almost comatose, and 
there were oral, urinary and large subcutaneous hem- 
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orrhages and a prothrombin level of 18 per cent of 
normal A transfusion of 500 cc of fortified blood 
controlled the bleeding within three hours and increased 
the prothrombin content to SO per cent of normal in 
twenty-four hours The patient received 6 4 to 9 6 mg 
of menadione and 1,000 to 1,500 cc of plasma daily, 
but on July 21 there was a recurrence of the oral and 
uiinary bleeding Unfortunately, determinations of pro- 
thrombin were not done during this bleeding episode, 
but suffice It to say that the bleeding was controlled 
by fortified transfusions The patient had severe gen- 
eralized hemorrhages on July 27, with a prothrombin 
value of 16 per cent of normal, approximately sixty 
hours after the last fortified transfusion Again the 
hemorrhages were controlled by fortified transfusion, 
but the patient died the following day from an acute 
overwhelming staphylococcic septicemia At autopsy, 
the liver was larger than normal and there were 
areas of severe yellow atrophy, with large areas of 
1 egeneration 

Case 3 — W B R , a 38 year old white man, was 
admitted to the hospital Sept 8, 1942, for drowsiness. 


30 the man began complaining rather suddenlj of dysp- 
nea without exertion and of orthopnea, and it ViJas 
noted that there was minimal generalized edema Latei 
in the day the patient became cyanotic and then 
comatose Although the coma and cyanosis responded 
to oxygen, the edema had increased and there was 
rather severe ascites The total plasma protein con- 
tent was 6 Gm per hundred cubic centimeters, the 
albumin-globulin ratio being 2 5 to 3 5, the urine 
showed albumin (1 plus) and numerous casts, the 
prothrombin content was 46 per cent of normal Ihe 
liver had remained essentially the same size, but the 
spleen was much larger, and there were numerous 
moist rales over the lower half of each lung Because 
of the mild hypoproteinemia with reversal of the 
albumin-globulin ratio, the generalized edema and the 
lowered prothrombin level, the patient was given 1,000 
cc of plasma and 10 mg of menadione intramuscularly 
daily from September 30 to October 5, without any 
apparent effect on the edema, even though there were 
an inciease m the plasma protein and a moderate 
increase in urinary output The vitamin K had no 


Table 2 — Effects of Tiansfuswns on Bleeding and on Piothrombm Level in Case 2 
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After 


of 

of 

Before 

Transfusion, 
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23* 
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13* 
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7/ld/42 
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34 

47 

7/16/42 
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33 

60 

//I 1/42 

500 


63 

62 

7/21/42 

500 




7/22/42 

500 




7/24/42 

7/24/42 

500 


28* 

43* 

600 



48* 

7/25/42 

500 


42* 

60* 

7/27/42 

500 


16 

38 


‘ Determined by Quick method (other values obtained by 

jaundice, general malaise, anorexia, light stools and 
dark urine of seven days’ duration The patient had 
been a heavy imbiber of beer and whisky foi over ten 
years His brothers stated that he had had four 
attacks of jaundice lasting about ten days following 
severe alcoholic debauches He had been drinking 
about a pint of whisky and five to ten bottles of beer 
daily for three montlis before admission 
The initial physical examination revealed a rather 
short, stout man who appeared much older than his 
given age The liver extended 5 cm below the costal 
margin and was firm but not tender The spleen was 
easily palpable, even though there was pronounced 
abdominal distention There was a soft blowing apical 
systolic cardiac murmur The skin, mucous membranes 
and scleras were extremely icteric The hemoglobin 
content was 70 per cent, the red blood cell count 
3,700,000, the white blood cell count 6,500, the icteric 
mdex 100, tlie Kahn reaction negative and the non- 
protem nitrogen content 35 mg and the urea content 
15 mg per hundred cubic centimeters The urine con- 
\ tamed much bile, a small amount of albumin and a 
few granular casts, the stools were brown and con- 
tained an approximately normal amount of bile 
During the first three weeks of the patient’s hospi- 
talization, the icteric mdex gradually increased to 154, 
but otherwise there w'as little change On September 
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6 


Pew hemorrhages m skin from mi 
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4 

Ceased 

Marked subcutaneous, oral and 
renal bleeding 

24 

0 

No bleeding 

4 

0 

No bjeeding 

6 

0 

No bleeding 

4 

0 

No bleeding 
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Oral and renal bleeding 


0 

No bleeding 

12 

0 

No bleeding 

8 

0 

No bleeding 

4 

0 

No bleeding 

0 

Ceased 

Oral, gastrointestinal, renal and 
subcutaneous (hematomas) 


the Smith "bedside” technic) 


apparent effect on the prothiombm, as it continued to 
dimmish On October 5 a generalized purpuric rash 

developed A transfusion of 500 cc of fresh citrated 
blood was given on October 6 m an effort to relieve 
the anemia and to increase the prothrombin, but the 
patient gradually grew worse The edema and ascites 
increased, the purpura became more widespread, and 
the prothrombin level fell to 24 per cent of normal 
An attempt to give human wet plasma was made, but 
after 230 cc had been introduced there was a severe 
reaction, characterized by chill, urticaria and fever 
A transfusion of 500 cc of reenforced whole citrated 
blood was given later in the day, and, as expected, it 
had no effect on the purpuric rash but increased the 
prothrombin from 24 to 37 per cent of normal Table 3 
lists the transfusions and determinations of prothrombin 
On October 12, the prothrombin content fell to 18 
per cent of normal and the patient had several large 
hemorrhages in the mouth, nose, stomach, rectum and 
subcutaneous tissues A Miller-Abbott tube was in 
the stomach when the bleeding occurred The tube 
was left in place, and the patient was given 500 cc of 
fortified blood Within two hours there was a great 
diminution in the amount of blood drained from the 
stomach, and in four hours the fluid w'as almost normal 
in color and the hemoglobin content reduced from 18 
per cent to 0 The bleeding from the other areas had 



136 


ARCHIVES OF INTERNAL MEDICINE 


ceased, and the prothrombin level was up to 38 per cent 
of normal m four hours 

Another fortified transfusion was staited the follow- 
ing day, but after 100 cc of blood had run in there 
was a reaction similar to that seen following the trans- 
fusion of plasma Fifty per cent diluted plasma given 
intravenously was tried that afternoon, but after 2 cc 
had been introduced there was an even more severe 
reaction than previously, with e-^treme difficulty in 
breathing, giant urticaria and a temperature of 107 F 
This bottle of plasma was carefully examined and 
found sterile, and it failed to produce a reaction in an 
animal 

On October 14, a fortified transfusion was slowly 
guen, without reaction, and increased the prothrombin 


Case 4 — C H L , a 29 j eai old white man, was, 
admitted to the hospital Alaj 21, 1942, with complaint 
of nausea, \omitmg, drowsiness and jaundice for the 
past week His general health had beei; excellent until 
this illness He had never used tobacco or alcohol in 
any form, and he had not had any disease of the bihan 
system 

Physical examination revealed a well nouiished and 
extremely well developed man, uho did not appear ill 
There was some icterus of the scleras and mucous 
membranes, but the skin was fair and smooth, w'lthout 
3"ellow' color The heart and lungs weie essentialh 
normal, the abdomen w'as moderatelj distended, and 
there was some epigastric tenderness The luer and 
spleen were felt to be of normal size by palpation 


Tahle 3 — Effects of Transfusions on Bleeding and on Pi othi oinbin Level in Case 2 
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of 

Prothrom 

Bleeding In 


Date 

Cc 

Cc 

of ^ormul 

^orraal 

bln. Hr 

24 Hours 

Bleeding Tendency 

9/30/42 



40* 





10/ 6/42 


oOO 

32 

38* 

10 

0 

No bleeding 

10/ S/42 

500 


24* 

42* 

10 

0 

Purpura 

10/ 9/42 

500 



40* 

4 

0 

Purpura 

10/10/42 

oOO 



5S* 

IS 

0 

Purpura 

10/12/42 


oOO a m 

OJ 

IS 

4 




500 p m 


IS 

3S 

4 

Ceased 

Generalized hemorrhages 

10/13/42 




40 

21 

0 

No bleeding ,, 

10/14/42 

500 


20 

42 

4 

0 

No bleeding 

* Determined bi Quick method (other values obtained by the Smith “bedside" technic) 
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■Effects of 

Ti ansfiistons on Bleeding and on Piothombin Level in Case 4 






'lime 







Prothrombin 

Between 




Amount 

Amount 

Prothrombin 

After 

'Transfusion 




of 

of 

Before 

Transfusion, 

and Deter 




Reenforced 

W'hole 

Transfusion, 

Percentage 

minntlon of 

Effect on 



Blood, 

Blood 

Percentage 

Of 

Prothrom 

Bleeding in 


Date 

Cc 

Cc 

of ^o^nal 

Normal 

bln. Hr 

24 Hours 

Bleeding Tendency 

6/22/42 
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7/12/42 

300 


17 

3S 
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14* 
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7/16/42 
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43* 

5S* 

24 

0 

0 

7/17/42 

500 


6S* 

70* 

20 

0 

0 

7/18/42 

500 


70 

75 

24 

0 

0 ^ 

7/23/42 

500 


15* 

30 

4 

Censed 

Oral and subcutaneous hemorrhage^ 

7/23/42 




42 

22 

0 

0 

7/24/42 

500 


42 


2G 

0 

0 

7/30/42 

600 


20 

38 * 

8 

0 
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* Determined by Quick method (other values obtained by the Smith “bedside" technic) 


from 26 per cent to 42 per cent of noimal Although 
the bleeding tendency was controlled, the patient rap- 
idlj’’ grew worse, and he died October IS from hepatic 
failure and generalized anasarca 
Autopsy showed generalized anasarca and several old 
large subcutaneous hemorrhages There were severe 
pulmonary edema and numerous aieas of pneumonia 
The abdomen showed moderate ascites , the gastro- 
intestinal tract was greatly distended, and there was 
evidence of old hemorrhages in the stomach, colon and 
rectum The pathologists estimated these hemorrhages 
all to be about the same age The spleen was about 
ten times the normal size The liver was nodular, 
larger than normal and firm Grossly, the liver resem- 
bled atrophic arrhosis, and this was verified to some 
extent on microscopic examination, except that there 
was practically complete atrophv of the hepatic cells 


and percussion The hemoglobin content was 90 per ‘ 
cent, the red blood cell count 4,600,000, the white blood 
cell count 5,150, the Kahn reaction negative and the 
icteric index 56 The urine was normal except foi 
bile, and the stools were light but contained some bile 
The patient gradually grew worse, and by June 15 
the icteric index had increased to 200 , the liv ei had ; 
enlarged to 5 cm below the costal margin, and the 
patient was drowsy A week later, on June 22, large / 
purpuric areas developed over his entire bodj , with 
clotting time of eight minutes and platelet count of 
210,000 The patient w'as given 500 cc of vv’hole blood, 
and 5 mg of menadione intravenously, and by the ; 
following day the clotting time was normal and the 
rash had disappeared Table 4 lists the transfusions 
and the prothrombin v'alues 

June 25, the liver was palpable 10 cm below 
the costal margin, the spleen was easilv felt and a 
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small amount of fluid had collected in the abdomen 
The' ascites increased over a period of eleven days and 
then rapidly receded after large amounts of plasma 
were given On July 11, while the patient was receiving 
adequate amounts of vitamin K intramuscularly, hema- 
turia and a flne purpuric rash appeared and large sub- 
cutaneous hemorihages developed on minimal trauma 
of the skin The clotting time was ten minutes and 
the prothrombin content 16 per cent of normal Tians- 
fusion of 500 cc of fresh whole blood and 1,000 cc of 
wet plasma lowered the clotting time to eight and one- 
half minutes and elevated the prothrombin level to 19 
per cent but had no effect on the hemorrhagic tenden- 
cies A 300 cc tiansfusion on July 12, from a donor 
who had received 12 mg of menadione, caused a 
prompt elevation of the prothrombin to 38 per cent of 
normal in four hours, and the hemorrhagic tendencies 
subsided within twenty-four hours, but there was no 
effect on the purpuric rash The fortified transfusions 
were not continued, but vitamin K and plasma were 
given daily On July IS, the prothrombin fell to 12 
per cent, and there was a recurrence of subcutaneous 
and renal bleeding and, m addition, oral bleeding 
Again the patient faded to respond to 500 cc of whole 
blood Because of the extensive bleeding 500 cc of 
fortified blood was given, and there was a rapid 
response, with elevation of the prothrombin to 43 per 
cent of normal Daily fortified transfusions were given 
^the following three days, and on July 18 the prothrom- 
bin content was 75 per cent of normal Administration 
of vitamin K was discontinued, as it was felt that it 
•was of little or no value On July 23, there was a 
recurrence of the oral and subcutaneous bleeding, the 
prothrombin being reduced to IS per cent of normal 
Again there was definite response to a 500 cc foitified 
transfusion, the prothrombin level rising to 42 per cent 
of normal within twenty-four hours From this time 
on, the patient was given fortified transfusions when 
the prjDthrombin content fell below 20 per cent, which 
was usually about every three days, and theie were no 
further hemorrhagic tendencies A month later the 
patient developed the rather typical lesions of dissemi- 
nated lupus erythematosus, and their natuie was con- 
firmed by biopsy The liver, which at one time had 
been large, was now palpable immediately below the 
costal margin and was somewhat firmer than normal 

The spleen was easily palpable and rathei soft 
(A 

COMMENT 

It IS generally accepted that the liver has an 
enormous functional, as well as tissue, leserve, 
and that it rarely woiks at full capacity Also, 
the liver has marked legenerative abilities, and 
It IS only in the presence of acute injury or of 
prolonged chronic disease that sufficient tissue 
IS destroyed to dimmish the icserve and produce 
evidence of hepatic deficiency If the hepatic 
insufficiency is severe enough, death may occur 
Deaths m such circumstances fall under two 
geneial heads, namely, “hemonhagic death” and 
“hvei death ” 

' Transfusion of blood fortified by administra- 
^ tion of vitamin K to the donors ivas used as a 
tempoiary aid m controlling hemorrhage in 4 
cases of severe acute damage to the hvei The 
small numbei of cases, variations in the piepara- 
tion of the donois and the necessit} of using two 


different technics in determinations of pro- 
thrombin prevent any specific conclusion, but 
‘■he evidence obtained indicates that the method 
may have definite value in preventing immediate 
“hemorrhagic death” oi in controlling hemoi- 
ihage until there has been regeneration of suf- 
ficient hepatic tissue for essential functions 
From the tables it will be noted that in several 
instances the prothrombin times aie inconsistent 
and that the increase m prothrombin varied fi om 
patient to patient and from transfusion to trans- 
fusion It was unfortunate that conditions 
beyond our control pi evented determination of 
the prothrombin time whenever desired and 
that the deteiminations could not be made by 
the same method It will also be noted fiom the 
tables that the transfusion of normal whole blood 
failed to give the expected 10 pei cent use m 
the piothrombin level On careful analysis it 
will be noted that the maximum elevation of 
prothrombin in the blood usually occurred within 
twenty-four houis but that m the instances m 
which the liver was still badly damaged theie 
Avas usually a decline during the second twenty- 
foui houis A sti iking feature of case 1 was 
the legularity with which the bleeding ceased 
between one bundled and tw^enty and one bun- 
dled and forty minutes after transfusion on all 
occasions In cases 3 and 4, fortified trans- 
fusions, as well as regular transfusions, had no 
effect on a minute purpuiic rash but conti oiled 
hemorihages in the skin and subcutaneous 
tissues 

Determination of the optimum amount of 
vitamin K and of the period of time required foi 
Its utilization by the donoi lequiies furthei 
AAork, but m geneial it may be stated that 6 to 
10 mg of menadione given intramuscularly 
dui mg the twenty -four hours befoi e a transfusion 
wull work satisfactorily The evidence suggests 
that vitamin K stimulates the formation of pro- 
thrombin or of one of its precursors in the blood 
of the donoi in abnormally large amounts, which 
can be utilized b}^ the lecipient The substance 
foimed is probably the same as or similar to that 
foimed from vitamin K by the piegnant mother, 
wdiich passes thiough the placenta into the fetus 
to stimulate formation of piothrombin 

SUM MARY 

Five cases of acute yellow atiophy of the liver 
ivith hemorrhagic tendencies occuried m a series 
of 663 cases of intrahepatic jaundice Four of 
the patients weie given transfusions of blood 
from donois ivho had received vitamin K, with 
remarkable effect in controlling the bleeding 
tendencies The results suggest that this method 
deserxes further study and investigation 
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Many theories have been foimulated in an 
attempt to explain the clinical featuies and lab- 
oratory findings of chionic congestive heait 
failuie Today most medical students are taught 
that the venous piessure becomes elevated be- 
cause blood is dammed up in the venous s3’Stem 
when the ability of the heart to pump blood foi- 
waid is impaired Edema is said to oecui pri- 
mal ily as a result of this mcieasc in venous pres- 
sme, with inci eased capillary permeabiht) and 
decreased colloid osmotic pressuie of the blood 
as contributing factors Nevertheless, there are 
many clinical and expeiimental obser\ations 
which are not consistent with this usuall)' ac- 
cepted theory The puipose of this pi esentation 
IS to summarue these objections and to offer a 
moie satisfactoiy explanation of the physiologic 
abnoi mahties producing the edema, the increased 
blood volume and the elevated lenous pressure 
of ceitain patients with congestive heart failure 
Few new data aie piesented, but the findings of 
other investigators are correlated to explain the 
observed alteiation in the fluid dynamics of 
chronic cardiac failme 

Most observations relating to caidiac failuie 
have been made on patients w'ho were regaining 
compensation, rathei than when the congestive 
failure was developing If the lattei condition 
is obseived it can be seen that in certain patients 
an accumulation of extracellular fluid, evidenced 
by an increase m weight, occurs before any in- 
crease in the venous piessuie is demonstrable 
Associated with this gam m weight theie is a pio- 
portionate increase in the blood volume, and only 
as a later manifestation does the venous pressure 
become elevated These facts are not compatible 
with the usual description of the mechanism of 
congestive heart failure The following cases 
demonstrate the course of events in patients wnth 
cardiac disease in whom decompensation has 
been precipitated by the administration of large 

From the Medical Service of the Grady Hospital 
and the Department of Medicine, Emory University 
School of Medicine 


amounts of sodium chloride wdiile the\ were 
undei obseivation in the hospital ^ 

Cask 1 — ^A 50 jear old Negro was admitted to the ^ 
Grady Hospital on Sept 9, 1942 In 1939 he first 
noted dyspnea, edema of tlie ankles and other symp- 
toms of congestive lieart failure He was admitted to 
the hospital se\eral times because of these symptoms, 
and the diagnosis of arteriosclerotic and hj^pertensive 
heart disease was made He improrcd while in the 
hospital, but later, despite a sedentarj existence and 
the administration of digitalis and occasional diuretics, 
his symptoms recurred On admission he was markedh 
orthopneic and there was massive edema below the 
level of the heait The \eins of his neck w'ere greatly 
distended The heart w'as enlarged, the rlrvthm was 
regular, and there was a rough apical systolic murmur 
The arterial pressure was 140 mm of mercury’ systolic 
and 100 diastolic There were numerous rales at the 
bases of both lungs Examination of the blood and 
mine show’cd no abnormalities 

During the early part of his hospital course he w’as 
given a diet with low' salt content and was treated with 
digitalis, ammonium chloride and frequent injections 
of a mercurial diuretic The fluid intake was not 
restricted Within tw'O w eeks his w’eight fell from 71 
to 52 Kg, and dyspnea and orthopnea were no longer 
present 

On September 24 salt was added to his diet, and m 
addition he received 12 Gm of sodium chloride per 
day His fluid intake and dosage of digitalis were . 
not changed, but the use of diuretics was discontinued 
With this change in regimen his weight immediately 
began to increase, as shown in table 1 In addition, 
there was an increase in plasma volume as measured 
by the dye method,^ this being evidenced also by the 
falling plasma protein concentration and the decreased 
hematocrit readings During the first part of this 
peiiod his venous pressure w’as normal It later rose ' 
slightly above the control readings, though it remained 
w’ell within the normal range The only’ change noted 
by the patient was slight orthopnea toward the end 
of the test period Accordingly, the original scheme 
of therapy was again employed, and by October 24 he 
was able to leave the hospital without symptoms or 
signs of decompensation 

This patient remained well compensated as 
long as his salt intake was limited and diuretics 

1 Gibson, J G, and Evans, W A , Jr Clinical' 
Studies of Blood Volume I Clinical Application of 
Method Employing Azo Dye “Evans Blue,” and the 
Spectrophotometer, J Chn Investigation 16 301 (May) 
1937 


138 



WARREN-STEAD— CHRONIC CONGESTIVE HEART FAILURE 


139 


were administered, but when the use of diuretics 
was discontinued and salt was added his weight 
increased and there was an associated increase 
in plasma volume The venous pressure rose 
slightly but stayed within normal limits He 
lemained in bed throughout the test period The 
imp ortant fact is that the retention of wa ter 
a nd hemodilution occuried w hi le th e venous 
pressui e was noi mal 


The fluid intake was not lestricted at any time On 
August 3 her regimen was altered, as in the previous 
case, by addition of salt to her diet, and in addition 
she received 12 Gm of sodium chloride daily She 
lemained in bed Digitalis was continued, but no fur- 
ther d uretics were given With this regimen her 
weight increased steadily and there was a parallel 
increase in plasma volume, but the venous pressure 
remained normal Associated with the increase in the 
plasma volume there was hemodilution, indicated by 
a diminished hematocrit reading and a lowered plasma 


Table !■ — Stunmary of Observatio}ts on Case 1 
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3,800 
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55 
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No edema or orthopnea 
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26 
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28 
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46 
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8 
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6 1 
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Table 2 

— Summary of Observations 

on Case 2 
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14 
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34 
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16 

68 6 

3,600 

63 
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32 
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17 
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20 

66 7 

4,000 

64 
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31 
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Case 2 — A 42 year old Negro woman was admitted 
to the Grady Hospital on March 23, 1942 In 1933 
she had symptoms suggestive of acute rheumatic fever, 
and m 1939 she fiist had dyspnea and edema Because 
of these symptoms she was repeatedly admitted to the 
hospital, where she would improve when digitalized 
and maintained at complete rest in bed A slight 
increase in her activity was sufficient to precipitate 
decompensation On this admission physical examina- 
tion showed edema, distended veins in the neck and 
cardiac enlargement There were a moderate systolic 
murmur and a rumbling diastolic murmur at the apex 
Examination of the blood and urine showed no abnor- 
malities A diagnosis of rheumatic heart disease with 
mitral stenosis and congestive failure was made 
After treatment with diuretics and a diet with low 
salt content, her weight became stationary near 45 Kg 


protein concentration The data are given in table 2 
The total amount of circulating protein was increased 
On August 7, after she had gained 7 Kg, the venous 
pressure became elevated In the following days edema 
appeared and the edge of the liver decreased, and on 
August 13 she first complained of dyspnea at rest On 
August 25 the original regimen was reinstituted, after 
which she slowly regained compensation 

In this case, as in case 1, congestive failure 
was produced by the ingestion of sodium 
chloride During this period no diuretic was 
administered Observe the sequence of the 
changes First, there was a gam in weight, which 
other investigators have shown is accompanied 
by retention of sodium chloride This gain in 
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weight meant that the amount of extracellular 
fluid was increased Associated with this theie 
was a rise m plasma volume, as shown directly 
])y the dye technic and indiiectly by the fall 
in the hematocrit reading As m case 1, inciease 
in body weight and in the plasma volume pre- 
ceded the rise m venous pressure 

It has been demonstiated that it is diffi cult 
to re move all th e excess extracellular fluid fiom 
patients with congestive heart failui e - The 
extracellular fl uid content remains abnoim ally 
high evbn ^Adieitr" thei e ,is ngJongei-any-demon- 
strabE^^ema If such patients who aie not 
completely compensated are given excess salt, 
the venous pressure may rise simultaneously with 
the gain in weight and the increase in plasma 
volume 

Patients with hypertension, aortic insufficiency 
and arteriosclerosis of the coronar}'' vessels 
usually begin to have dyspnea before then venous 
pi essure rises Many of them become orthopneic 
while the systemic venous pressui e is still noi mal 
It IS easy to show that these patients have an 
abnormally large volume of extiacellulai fluid, 
though many of them have little demonstrable 
edema When placed in bed and treated for 
congestive failure, they rapidty lose 2 to 10 Kg m 
weight Again, t his is evidence that retention ot 
salt and water has preceded the increase in 
systemic venous pressure It is a frequent clmi- 
cal~~^ol5§er\'afibn that patients with repeated 
attacks of paroxysmal nocturnal dyspnea but 
vithout obvious edema often show striking im- 
piovement when the urinary output is increased 
by the use of a mercurial diuretic 

Consideration of the observations on these 
patients, as well as the similar lesults of othei 
investigators, leveals that there are three basic 
questions to be answered First, why does the 
patient with chronic cardiac insufficiency retain 
salt and wateT=m other words, acquir e edenia — 
instead of having a noimal diuresis ofThese sub- 
stances ^ S^ond, how do es such a patient 
acquire and maintain the abnormally large plasma 
volume that is so characteristic of congestive 
failure ^ Third, why does the elevation in venous 
pressure oTcur, and what is its i elation to the 
other findings^ Solution^ of these problems 
would contribute to a great extent toward a 
complete understanding of the patho genes is of 
congestive failure 

2 Seymour, W B , Pritchard, W H , Longley, 
L P , and Hayman, J M , Jr Cardiac Output, Blood 
and Interstitial Fluid Volumes, Total Circulating Serum 
Protein and Kidney Function During Cardiac Failure 
and After Improvement, J Clin Investigation 21 229 
(March) 1942 

3 Fishberg, A M Heart Failure, ed 2, Phila- 
delphia, Lea & Febiger, 1940 


RCTENTION OF SALT AND WATER 

The problem of formation of edema in cardiac 
failure has received considerable attention, but 
at the present time none of the usually accepted 
theories regarding it is entirely satisfactory It 
is well known that before edema is obvious there 
is usually an asymptomatic gam of se\eral 
pounds in weight, indicating that the accumula- 
tion of an excessive amount of extracellular fluid 
has begun Since this fluid is principally a 
solution of sodium chloride in water, the basic 
problem is to explain the abnormal retention ot 
tliese substances Much of the difficulty in study- 
ing edema formation is due to ignoiance of the 
mechanisms controlling the amount of extra- 
cellular fluid normally piesent in the body For 
instance, the diuresis that normally follows the 
ingestion of an isotonic saline solution has nevei 
been adequately explained 

The retention of salt and water ma} result 
primarily from disturbance in function ot the 
kidney, either renal in origin or the result of 
hormonal influences This failure to excrete salt 
and w'atei normally causes a secondarj increase 
m the quantity of extracellular fluid On the 
other hand, the retention of salt and water may 
lesult primarily from an increase in the extra- 
cellular fluid content of the body In nutritional 
edema water and salt are letained because the 
fluid passes from the blood stream to the tissues 
in consequence of the lowering of the osmotic 
pressure of the plasma proteins When the 
permeability of the capillaries is inci eased, as 
in burne d areas, fluid likewuse passes from the 
blood stream to the tissues When the ^enous 
pi essure is raised because of obstruction to the 
venous outflow'- from a part, the volume ot extra- 
cellular fluid in the part is increased because of 
the rise in capillary pressui e Those con ditions 
which produce a primary inci ease in extracFllulai 
fluid content of the Tissues’' cause in turn a 
secondary decrease in'Tirih^y outpuTTUnch is 
not de pendent on a c hange in i enal~ fnnction 
The'venous pressure theoiy of the mechanism of 
cardiac edema postulates that the deci eased 
urinary output is secondaiy to the inci eased 
extracellular fluid content of the tissues which 
results from the rise in venous and capillan 
pressui es The fact that retention ot salt and 

water occurs in some patients with cardiac failure 
before the venous pressure becomes elevated and 
persists for a considerable period aftei the ven- 
ous pressure has returned to normal suggests 
that the elevation of the venous pressure may not 
be the piimaiy factor in the formation ot caidiac 
edema 

Increased permeability of the capillaries to 
protein has been suggested as the causative fac- 



WARREN-STEAD— CHRONIC CONGESTIVE HEART FAILURE 


141 


toi 111 the development of the edema of conges- 
tive failure This belief is strengthened by the 
observation in animals that a diminished circula- 
tion, -with its resultant anoxemia, increases cap- 
illary permeability If increased capillary 
permeability were present, one would expect that 
the edema fluid would contain large amounts 
of piotein, but lepeated investigations have 
shown that the protein content of cardiac edema 
fluid is low, usually less than 0 5 Gm pei 
liundred cubic centimeters ^ We have obtained 
additional evidence that anoxemia is not an 
important factoi by examining edema fluid 
obtained fiom patients with severe emphysema 
and long-standing anoxemia The edema fluid of 
4 such patients contained from 01 to 04 Gm 
of protein These patients, who had severe and 
long-standing anoxemia with pi onounced ai tei lal 
oxygen unsatuiation (40 to 60 pei cent), had a 
much greatei degiee of anoxemia than the 
aveiage patient with heart failure, yet they gave 
no evidence of increased peimeability 

Smirk “ has suggested that the capillaries ip 
caidiac failure, while not abnormally peimeable 
to colloids, allow ciystalloids to pass with greater 
ease and rapidity than noimal Thus, with a 
given increase in venous piesstire he found that 
in patients with congestive failuie more edema 
was produced during a test peiiod than in normal 
subjects If the capillaiies did allow crystalloids 
to pass more rapidly than normal, edema would, 
indeed, form more quickly, but it is difficult to 
see how this time factoi could m the end be 
significant, because in congestive failure edema 
usually develops over a period of days and 
weeks and does not have to take place in any 
given peiiod of time 

Repeated observations^gn patients with con- 
gestive failure^iave” shown that the plasma pro- 
_tem concentration and therefore the colloid 
osmotic pressure are often somewhlit below 
noimal In certain instances, particularly in cases 
of constiictive pericarditis, the values are defi- 
nitely low and contribute appreciably to forma- 
tion of edema However, since m many patients 
the plasma protein concentration is normal and 
since m the majoiity it is not greatly lowered, 
a deciease in plasma protein concentration cannot 

4 Landis, E M Micro Injection Studies of Capil- 
lary Permeability III The Effect of Lack of Oxygen 
on the Permeability of the Capillary Wall to Fluid 
and to Plasma Proteins, Am J Physiol 83 528 (Tan ) 
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5 Bramkamp, R G The Protein Content of Sub- 
cutaneous Edema Fluid in Heart Disease, J Clin 
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6 Smirk, F H Observations on the Causes of 
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be the primary factor lesponsible for caidiac 
edema “ 

The expel iments repoited by McMastei have 
suggested that a faulty lymphatic return may 
be a factor in the development of cardiac edema 
The protein content of the edema fluid gives 
evidence against this as the cause of edema 
formation in congestive failure With lymphatic 
obstiuction one finds a veiy high protein con- 
centration m the edema fluid, whereas low values 
are found in cardiac edema ® 

Fiom this discussion it can be seen that the 
edema of congestive failuie cannot be explained 
by the usually accepted mechanisms of foimation 
of edema, m which the retention of salt and watei 
lesults primarily from an excess accumulation of 
fluid in the tissues with a secondaiy decrease in 
uiinary output It appears that the mciease in 
the volume of exti acellular fluid results fiom the 
fact that the kidneys do not excrete salt and 
watei normally On a theoretic basis, if eithei 
the sodium oi the chloiide ion oi watei weie 
retained piimarily, the body would retain the 
otheis m ordei to maintain a noimal ionic bal- 
ance Schroeder,® Piogei, Ginsberg and Magen- 
dantz and Schemm have shown that with an 
extremely low intake of sodium chloiide watei is 
not retained by the patient with caidiac insuffi- 
ciency, but that even the amounts of sodium 
chloride m the aveiage diet aie sufficient to 
allow foi considerable letention of water It is 
a common observation that salts such as potas- 
sium chloiide and ammonium chloride fail to 
cause retention of water and are even diuretic 
On the other hand, sodium bicaibonate acts 
m almost the same way as sodium chloiide m 
causing letention of water Quantitative inter- 
pretation of these data is not possible because 
of the accompanying alkalosis and acidosis, but 
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they point toward the importance of the sodium 
ion as the primary factoi in the retention of 
salt and water 

The letention of sodium could occur as the 
lesult of a primary lenal abnormality or it 
could be the result of some hormonal influence 
mediated by the kidney It has been suggested 
that an excess of adrenal cortical hormone could 
cause the observed retention of sodium At the 
present time there is no additional reason to 
suspect that an excessive amount of this hormone 
IS present in subjects with cardiac failuie It is 
quite possible that altered circulatory dynamics 
in the kidney could lead to retention of salt 
The kidney receives a large proportion of the 
cardiac output at rest , therefore, it appears 
quite possible that pionounced alteiations in 
renal ciiculation occur with the diminished car- 
diac output in cardiac failure This problem is 
being investigated furlhei in this laboratory 

The common denominator m all instances of 
congestive failuie is impaired cardiac function 
In most patients cardiac failure first develops 
while they are ambulatory and is improved by 
rest This indicates that although the diseased 
heart may supply the needs of the body at rest, 
it cannot increase its output to meet the demands 
of an active life Determinations of cardiac 
output of patients with cardiac failure are usually 
done under basal conditions, so one might pre- 
dict their failure to demonstrate any marked 
differences between the output of normal subjects 
and that of patients with caidiac failure The 
evidence at present points to the fact that in 
congestive failure the cardiac output is inade- 
quate to meet the demands of the patient’s 
daily life, and, as a result of this, the kidneys aie 
no longer able to excrete salt m a normal manner 
The retention of salt leads to the secondary 
retention of water This accounts for the fact 
that in patients with severe decompensation, in 
whom the cardiac output is inadequate even at 
rest, the signs of congestive failure may be pre- 
cipitated at will by withholding diuretics and 
increasing the intake of salt As far as can be 
determined, increasing and deci easing the salt 
intake of these patients induces and relieves the 
symptoms of congestive failure without any cor- 
responding change in cardiac output The ques- 
tion remains unanswered as to how the decreased 
cardiac output affects the ability of the kidney 
to excrete salt It may be related to a decreased 

13 Schroeder, H A , and Futcher, P H Studies 
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14 Smith, H W Studies in the Physiology of 
the Kidney Porter Lectures, University of Kansas, 
Lawrence, Kan , University Extension Division, 1939, 
series 9 


lenal blood flow, or it may be due to some 
endociine distuibance which produces an in- 
creased retention of sodium by the kidneys 

INCREASED BLOOD VOLUME 

For many years clinicians have Icnown that 
congestive heart failure is accompanied by in- 
creased blood volume, but the mechanism of the 
use has never been explained in a satisfactory 
manner It has been found to be an increase 
primarily m the plasma volume, although there 
also may be an increase in red cell volume 

In a normal resting subject with a constant 
arterial pressure and a constant volume of 
circulating red cells, the size of the plasma] 
volume can be varied by changing (1) the 
amount of circulating plasma protein, (2) the 
capillary pressuie or (3) the extracellular fluid 
volume 

If the quantity of circulating protein is in- 
creased by the injection of a concentrated pro- 
tein solution, fluid enters the blood stream and 
tlie plasma volume is increased for a time^“ 
The body then removes protein from the plasma, 
the fluid reenters the tissues and the plasma 
volume returns to normal If protein is removed 
from the blood stream, the plasma volume de- 
creases rapidly even though the fluid removed 
with the protein is replaced by an equal quantity 
of saline solution The body then adds protein 
to the blood stream, fluid can now be retained 
in the plasma in normal quantity, and the plasma 
^olume returns to the control level 

An increase in venous pressure causes a 
use in capillary pressure, with the result that 
fluid leaves the blood stream In the normal 
subject a use in venous piessure causes some 
degree of hemoconcentration 

An increase or decrease in the volume of 
extracellular fluid produces a corresponding 
change in the plasma volume If the quantity 
of extracellular fluid is lowered by dehydration, 
the plasma volume becomes smaller This 
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decrease m volume occurs even though the 
protein concentration is increased In other 
words, in the presence of a decrease in extra- 
cellular fluid It takes a greater than normal 
quantity of circulating plasma protein to main- 
tain a normal plasma volume When the volume 
of extracellular fluid is increased by the adminis- 
tration of desoxycorticosterone, the plasma 
volume lends to increase In pregnancy both 
the plasma volume and the amount of extra- 
cellular fluid are inci eased The relationship 
between the extracellular fluid volume and the 
plasma volume has been studied for patients 
with nephiosis and also for dogs The patient 
with nephiosis maintains an adequate plasma 
volume with a small amount of circulating pro- 
tein A similar amount of circulating piotein 
m a person with a normal extracellular fluid 
volume would lesult in a plasma volume too 
small to maintain a normal circulation The most 
striking diffeience is that the patient with 
nephrosis has an inciease in extracellular fluid 
volume It has been found that m dogs m which 
the total circulating protein has been reduced 
by from 30 to 60 per cent the plasma volume 
can still be maintained at a normal level by 
markedly inci easing the extracellular fluid 
volume 

In acute experiments changes in the volume 
of the extracellular fluid produce parallel changes 
in the pressure of the extracellular fluid, and 
it is probable that it is the pressure rather 
than the volume of the extracellular fluid which 
IS important in determining the plasma volume 
In chronic conditions in which the elasticity of 
the tissue is decreased by loss of weight or by 
pievious stretching of the tissues by edema, 
large quantities of extracellular fluid must 
accumulate before there is an appreciable rise 
in the pressure of the extracellular fluid The 
system is variable because of the tendency of 
the tissues to stretch For this reason, at times 
the volume of extracellular fluid must be slowly 
increased in order to maintain a constantly 
elevated extracellular fluid pressure 

These observations may be applied to the 
patients described here with congestive failure 
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The increase in extracellular fluid resulting from 
the retention of salt and water appears as the 
earliest manifestation of cardiac insufflciency, 
and It offeis an adequate explanation of the in- 
crease in blood volume which has been noted 
As may be seen in the many recorded observa- 
tions of congestive failuie, the plasma volume 
and the extracellular fluid volume increase and 
decrease concoidantly The situation is similar 
to that observed with the retention of salt and 
water resulting from the administration of ad- 
renal cortical hormone The relation of the 
increase in plasma volume to the changes m 
venous pressure will be discussed later, but since 
the increased blood volume occurs before a 
change in venous pressuie, the increase in the 
latter is obviously not a causative factor The 
changes in plasma protein are more complex 
When hemodilution occurs because of the reten- 
tion of salt and water, the lowering of the 
concenti ation of the plasma proteins serves 
as a stimulus for the production of more plasma 
protein Thus, as the plasma volume increases 
because of the increase in the salt and water 
content of the body, the quantity of circulating 
protein also usually increases When the fluid 
content of the body is decreased by therapy and 
the plasma volume i etui ns to noimal, the body 
lemoves protein from the plasma and the quan- 
tity of circulating protein also returns to normal ^ 

We may conclude, therefore, that the increase 
in plasma volume in congestive failure is one 
manifestation of the increase in the amount and 
pressure of the extracellular fluid which is 
caused by the defective excietion of salt and 
water 

INCREASED VENOUS PRESSURE 

In chronic congestive failure of the type de- 
scribed here the increase in venous pressure 
occurs only after considerable salt and water 
have been retained and theie has been a definite 
increase in the blood volume We can now 
reevaluate the cause of the increased venous pres- 
sure in the light of these findings, but before 
doing so It may be well to enumerate the various 
factors that can elevate the venous pressure 

A clear distinction must be made between 
local increases in venous pressure because of 
gravity and a generalized increase throughout 
the venous system, such as is present in cardiac 
failure In the normal subject the local venous 
pressure is elevated in any part which lies 
below the level of the heart Thus, when a 
person is in the upright position the venous 
pressure is increased in the parts of the body 
below the level of the heart The venous pres- 
sure in the great veins of the thorax at heart 
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le\el, howevei, is not elevated In the patient 
with elevated venous pressin e from cardiac 
failure, the venous pressure in the gieat veins 
of the thoiax at heart level is elevated, usually 
about 10 to 20 cm of water, with the subject 
in eithei the lecumbent oi the upiight position 
When this peison stands, the piessure in the 
veins of his ankles is the sum of that m the great 
veins of the chest and that produced by gravity 
It IS important to lemembei that the increased 
pressuie pioduced by gravity far exceeds that 
caused by cardiac failure, so that in the upiight 
position a shoit peison with severe cardiac 
failure may have a lowei venous pressure in the 
ankles than a tall person without cardiac failure “ 

When the venous piessuie in a part oi organ 
IS mci eased either by gravity or by compression 
of the veins diaining the part, the vascular bed 
becomes distended and the venous pressuie 
uses until the blood begins to flow past or aiound 
the point of obstruction With the distention 
of the vascular bed, the part contains moie blood 
than It did before the venous piessure was 
elevated Compensatory reactions in other paits 
of the body supply the excess blood The venous 
obstiuction acts as a dam, and blood backs up 
behind the dam until the pressure becomes great 
enough to force the fluid past the point of ob- 
struction If it weie not foi the fact that extra 
blood can be diawn fiom other parts of the 
body and pumped into the part, the building 
of the dam would have a much less marked 
effect on the venous piessure A dam placed 
acioss a stream makes a lalce not with the water 
that IS in the bed of the stream at the tune the 
dam IS built but with the water that is continu- 
ally being added to the stream from above 

The elevation of the venous piessure, if 
allowed to continue, is followed by swelling of 
the pait^^ With any given increase in venous 
pressure the pait swells lapidly at fiist, but 
after a time the rate of swelling markedly 
decreases The increase in venous pressure 
causes a rise in capillary piessure, with the 
lesult that the mean capillary pressure exceeds 
the sum of the suriounding tissue pressure and 
the osmotic pressure of the proteins Under 
these conditions water leaves the blood stream 
and enters the tissues As the tissue pressure 
increases, the rate of swelling decreases, until in 
time the use in mean capillary pressure is 
balanced by the increase in tissue pressure If 
the blood in the part is examined during the 

22 Krogh, A , Landis, E M , and Turner, A H 
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period of swelling, it will be found that the 
hematociit reading and the protein concentra- 
tion of the venous blood draining the area are 
using — evidence of hemoconcentration 
The venous pressure in over one half of the 
body is increased by having the subject stand 
motionless The increase m venous pressure m 
the part of the body below the heart causes 
fluid to leave the blood stream and enter the 
tissues This loss of fluid takes place over 
such a wide area that not only is there hemo- 
concentiation in the areas where the venous 
pressure is increased, but theie is an easily 
demonstrable fall in the plasma volume"® This 
hemoconcentiation can be partially prevented ' 
by the ingestion of large quantities of isotonic 
solution of sodium chloride, but m the normal 
subject it IS difficult to maintain the plasma 
volume at the testing level As fast as saline 
solution enters the blood stream, it is passed out 
into the tissues In an experiment of this type 
it IS worth noting that the urinary output is 
very small in spite of the large quantities ot 
saline solution administered 

A second way by wduch venous piessure can 
be elevated is bj' v'asoconstnction with redis- 
tribution of blood in the v'ascular bed An in- 
crease in venous tone may be produced b} the 
action of a drug, such as epinephrine 
paiedrmol sulfate (a-N-dimethylparahydroxy- 
phenethylamine sulfate) or angiotonin,®' or it 
may occur reflexly in response to deci eased 
caidiac output The increased v^enous pressure 
noted in taidiac tamponade is produced by a 
redistribution of blood within the vascular bed 
As the pressure in the pericardial sac rises, the 
cardiac output falls and the arterial tree contains 
less blood At the same time the tone of the 
venous bed is increased, either reflexly or as a 
result of a humoral mechanism set in motion by 
the decreased flow of blood to the kidney The 
shift in blood fiom the arteries and the increase 
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in \enous tone cause a rise m venous pressure 
This condition is not strictly analogous to the 
use in pressure which occurs when a river is 
dammed up The pressure back of the dam can 
rise to a great height because the quantity of the 
water liack of the dam is steadily increased by 
the continuous flow of the river This is the 
case vhen only a portion of the venous system 
is obstructed and the amount of blood distal 
to the point of obstiuction can be rapidly in- 
ci eased by shifting blood fiom other parts of 
file body However, if the entire venous system 
is obstiucted, as it is in pericardial tamponade, 
the bod} has no immediate means of increasing 
the entire blood volume and thereby raising the 
\enous pressure Therefore, the rise in venous 
piessuie 111 acute pencaidial tamponade is not 
usualh as gieat as in certain patients with 
chronic congestive failure — a condition in which 
the blood volume is increased 
The thud way by which the venous pressure 
can be elevated is by increasing the blood volume 
Studies of the lelationship between the venous 
pressure and the blood volume m congestive 
faikue have demonstrated that the plasma 
volume in a given patient increases when the 
venous pressure is elevated and that with therapy 
both the venous pressure and the plasma volume 
deciease as the circulation improves Starr 
lecoided the venous pressure immediately after 
death foi patients with and wuthout congestive 
failure He found that the venous pressure in 
patients with cardiac failure remained elevated 
after death and concluded that the greater part 
of the use m piessuie was related to the increase 
in blood volume rather than to an actual change 
111 the dynamics of a failing circulation 

In certain patients with chronic congestive 
failure the venous pressure increases only after 
theie has been a considerable inciease in blood 
volume, and the venous pressure returns to nor- 
mal as the blood volume is reduced by therapy 
The fact that the inciease in venous pressure 
persists after death demonstrates that at least 
in ceitain patients the major portion of the 
use in pressure cannot be the result of the 
increase in tone of the vascular bed The same 
data show that the use m venous pressure does 
not occur because blood is dammed up behind 
a failing right ventricle, for the increase in 
venous pressure persists in the absence of any 
pumping foice from either the right or the left 
ventricle It is concluded, therefore, that in 
chionic congestive failure the increase in the 
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volume of blood in the vasculai bed is nnpoi- 
tant in producing the use in venous piessuie, 
and that the increased pressure of exti acellular 
fluid is the means by which the bodv is able to 
maintain the large plasma volume in spite of 
the high capillary pressuie 

Local mci eases in venous pressure are of 
gieat importance in the placement of fluid wdiich 
IS letained in the body because of the failuie of 
the kidneys to excrete the excess salt and w'atei 
It is common knowledge that in the ambulatoi) 
patient visible edema appears flist about the 
ankles, where the venous piessure is the greatest 
The followung cases fnithei illustrate the impoi- 
taiice of the venous piessuie as a detei mining 
factor in the placement of the retained fluid 

Case 3 — A 53 year old white woman was admitted 
to the hospital because of congestive failure due to 
iheumatic heart disease with mitral stenosis Theie 
was, in addition, thrombosis of the left subclavian and 
axillary veins She had moderate generalized edema, 
but there was massive edema ot the left arm and hand, 
so that the overlying skin was tight and shiny The 
\enous pressure m the left antecubital vein was 340 
mm of water and in the right 220 mm Edema fluid 
obtained from both arms contained 01 Gm of piotein 
per bundled cubic centimeters 

Case 4 — A 17 year old white girl w'as admitted to 
the hospital because of symptoms of congestive heart 
failure due to rheumatic heart disease with mitral sten- 
osis and insufficiency There was striking edema of the 
right arm and hand, but only moderate swelling else- 
wheie The venous pressure in the right antecubital 
vein was 275 mm of water and in the left 150 mm 
Edema fluid obtained from the left arm and leg con- 
tained 0 4 Gm of protein per hundred cubic centimeters 

In both of these patients there was local venous 
obstiuction elevating the venous piessure in a 
pait In an otherwise normal person an increase 
in venous pressure of this magnitude does not 
produce such a degree of edema Lymphatic 
block w’^as not a factor, since the protein content 
of the edema fluid was low ® These patients 
had marked swelling because, in addition to 
the venous obstruction, they were actively re- 
taining salt and water Thus a slight increase 
in venous pressure, which would have caused 
little edema in a normal subject, produced 
marked local edema in the patient with cardiac 
failure Although increased venous pressure is 
not the cause of the edema, it is an important 
conditioning mechanism A similar situation 
may exist in the patient in whom increased pul- 
monary capillar}^ pressure develops as a result of 
a momentary discrepancy in output from the 
right and left ventricles In this manner, with 
retention of salt and water marked pulmonari 
edema may occur m a patient with relatneh 
little edema elsewhere 
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From the foregoing discussion it is clear that 
the generalized increase in venous pressure in 
chronic heart failure may be pioduced by the 
increase in blood volume Local rises in venous 
pressure determine, however, the distribution of 
the excess extracellulai fluid 

The mechanism described adequately accounts 
for the fact that m a case of chronic heart 
disease the venous pressuie may be vaiied by 
changing the salt intake without altering the 
cardiac output In acute heart failure the 
mechanism of the increase m venous pressure 
IS more complicated The mechanism of the 
rise in venous piessure in sudden acute heait 
failure is moie closely related to that seen in 
acute pericardial tamponade than to the mecha- 
nism of retention of salt described foi chronic 
congestive failure The sharp decrease in car- 
diac output may cause an increase in vasculai 
tone, either reflexly or by an outpouiing of 
pressor substances from the kidneys In addi- 
tion, the aiterial tiee may contain less blood 
Undei these conditions the venous pressure may 
increase without a i ise m blood volume Strength- 
ening of the heart by the use of digitalis may 
cause an increase m the output of the heart and 
a rapid decrease m venous piessure In many 
patients the rise m venous pressure repiesents 
a summation of the effects of a large plasma 
volume and of a redistribution of blood second- 
ary to an episode of more acute heart failure 

SUMMARY 

The following hypothesis appears to offer a 
satisfactory explanation of the mechanism of 
cardiac edema The common denominator of all 
patients with congestive failure is impaired 
cardiac function, which first fails to meet the 
demands of an active person For some reason, 
as yet unexplained, these patients fail to excrete 
salt and water in a normal fashion Retention 
of these substances m the body produces an 
increase m the quantity of extracellular fluid 
Associated with this there is an increase in 
plasma volume The hemodilution can be demon- 
strated by the fall m the hematocrit reading 
and in the concentration of plasma protein The 
lowering of the concentration of plasma protein 
serves as a stimulus for production of such 
protein, and the total quantity circulating usually 
increases In chronic congestive failure the 
blood volume finally becomes so large that the 
pressure in the vascular system is increased, 
and one says that the venous pressure is ele- 
vated ' During the state of active retention of 
water the local changes in venous pressure in 


certain paits of the body due to giavity act as 
diiecting factors in the placement of the excess 
fluid Since the fiist signs of congestive failure 
normally appear while the patient is active, the 
high local venous pressure about the ankles pre- 
disposes to edema of those regions 

In the patient with advanced congestive failure 
there are increased extracellular fluid, increased 
plasma volume and high venous pressure The 
patient is able to maintain such a state because 
the increased pressure in the capillary bed js 
balanced by an increase in tissue pressure 
brought about by large amounts of extracellular 
fluid The final result may be modified by 
many factors In the patient with tight skin, 
such as one fiequently finds m Negroes, less 
retention of water is necessary to build up tissue 
pressure, and theiefore such a person maintains 
a high venous pressure with less edema than 
does a patient with loose, flabby skin In patients 
who have not lost weight, the quantity of extra- 
cellular fluid necessaiy to support a high plasma 
volume and a high venous pressure may be 
detected clinically only with difficulty 

Most patients with cardiac failure add protein 
to the blood stream in response to the hemodilu- 
tion caused by the letention of salt and water 
so that the concentiation of the plasma protein 
IS almost normal and the total amount of circu- 
lating protein is increased This enables them 
to maintain a large blood volume and a high 
venous pressure with a model ate increase m 
extracellular fluid pressure When the plasma 
protein concentiation is low, it takes a much 
greater increase m the quantity and pressure 
of the extracellular fluid to maintain a large 
enough plasma volume to produce a high venous 
pressure In some patients the body does not 
add protein to the plasma to compensate for 
the hemodilution which is produced as the 
volume of the extracellular fluid increases Such 
a situation is often observed m constrictive 
pericarditis 

In acute heart failure the increase in venous 
pressure may result from an increase m venous 
tone secondary to the marked decrease in cardiac 
output and from a redistribution of blood in the 
vascular bed This may be caused by a humoral 
mechanism from the decreased renal blood flow, 
or it may be caused reflexly by the fall in cardiac 
output These changes may be superimposed on 
the picture produced by chronic congestive 
failure 

CONCLUSIONS 

1 Edema develops m chronic congestive 
failure because the badneys do not excrete salt 
and water in a normal manner This disturbance 
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in renal function is related to the decreased car- 
diac output and not to engorgement of the 
kidneys from an inci eased venous pressure, 
because the salt and water retention may occur 
before there is a rise in venous pressure 

2 The increase m the plasma volume is a 
manifestation of the retention of salt and watei 
The lesulting deciease m concentration 'of the 
plasma proteins usually stimulates production of 
plasma piotein so that the total amount of ciicu- 
latmg protein inci eases The plasma volume is 
thus increased in size without a marked lower- 
ing of the osmotic pressure of the plasma pro- 
teins 

3 In due time the increase in the blood volume 
and the extracellular fluid volume causes a rise 
m the venous piessure The osmotic pressure 
of the plasma piotems and the increased pres- 


sure of the extracellular fluid provide the physical 
forces which enable the large plasma volume 
to be maintained m the presence of the high 
capillary pressure which results from the high 
venous pressure 

4 Local differences m venous piessure aie 
of importance m that they determine the place- 
ment of the salt and water which are retained 
by the kidneys m congestive heart failure 

5 Other factors than retention of salt by the 
kidneys account for the rise in venous pressure 
m acute heait failure In many patients the rise 
m venous pressure represents the summation of 
the effects of acute and chronic heart failure 

This investigation was carried out with the tech- 
nical assistance of Rosamond Piotti, S B 

SO Armstrong Street 
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Although the lole of the heait in hypei thyi oid- 
ism has atti acted the attention of clinicians since 
Parry’s description of exophthalmic goitei in 
1825, little accord has been reached as to the 
electrocardiographic manifestations of this con- 
dition All observers agree that tachycardia and 
various arrhythmias may be attributed to the 
thyrotoxic state, but they do not agree on othei 
findings 

In an attempt to determine what electrocar- 
diographic abnormalities may be found in hy- 
perthyroidism, a study was made of adult hy- 
perthyroid patients observed in tlie thyroid 
clinic of the Univeisity of California Hospital 
fiom July 1935 through April 1942 Electro- 
cardiogiams were taken on 168 of 484 patients 
during the period of hyperthyroidism All 
patients weie seen by one observer (M H S ), 
and all electrocardiograms were interpreted by 
another observer (F L C ) In some cases the 
electiocardiographic studies were made because 
of the clinical diagnosis of thyrotoxic heart 
disease, especially as evidenced by arrhythmias, 
in others (when financial arrangements could 
be made), in ordei to determine what the electro- 
cardiogram shows in cases of hyperthyioidism 
In all cases the three standard leads were used 
In 122 cases the precordial lead (IV-F) was 
used in addition 

The standards of normal established by Gray- 
biel and White “ were used, with the follow- 
ing additions 1 The standards of auriculo- 

Five tables originally prepared with this article are 
omitted from the Archives because of lack of space 
but will appear in the authors’ reprints 

From the Department of Medicine, University of 
California Medical School, and the Thyroid Clinic 
and the Heart Chnic of the University of California 
Hospital 

1 Parry, C H Diseases of the Heart Enlarge- 
ment of the Thyroid Gland in Connection with Enlarge- 
ment or Palpitation of the Heart, in Collections from 
the Unpublished Medical Writings of the Late Caleb 
Hillier Parry, London, Underwood, 1825, vol 1, p 478, 
cited by Major, R H Classic Descriptions of Dis- 
ease, ed 2, Springfield, 111 , Charles C Thomas, Pub- 
lisher, 1939 

2 Graybiel, A , and White, P D Electrocardi- 
ography in Practice, Philadelphia, W B Saunders 
Company, 1941 


\cntnculai conduction time were taken tiom 
Ashman and Hull," according to whom the 
maximum normal aunculovcntriculai conduction 
time vanes inversely with age and heait rate 
2 Notching of the T waves in leads I and II 
w'as considered abnormal ^ 3 Deviation ot the 
axis to the left of appioximately minus 35 to 
minus 55 degrees w^as considered abnoimaP 
4 P waves of 0 12 second or more w'ere con- 
sidered abnoimally wnde," but no record was 
consideied abnoimal on the basis of abnormal 
P weaves alone 5 Tj was considei ed abnormally 
low'^ if It w'as exceeded m height by T, when the 
electrical axis was less than 0 degrees ® 6 To was 
considered abnormally low'^ if it was less than 2 
mm in height (only 2 records were considered 
abnormal because the To measuiement was m 
the controversial range, between 1 and 2 mm ) 
Of the 168 patients for whom electi ocardio- 
grams were taken during the period of hjper- 
thyroidism, 79 (or 47 per cent) had noimal 
records and 89 (or 53 per cent) had abnormal 
lecords Of those with abnormal lecords, 28 
were excluded because conditions othei than 
hyperthyroidism may have affected the electro- 
cardiograms These were l^'pertension in 15 
cases , administration of digitalis, in 8 cases , 
disease of the coionary arteiies, as eMdenced by 
angina pectoi is, by changes seen at autopsy oi 
by preexisting bundle branch block in 4 cases 
and rheumatic heait disease, in 1 case In 2 
cases of coexisting hypertension and hyper- 
th 3 'roidism auriculai fibrillation disappeared 
aftei thyroidectomy, it theiefoie w^as ascribed to 
the hyperthyioidism In 11 cases abnoimalities 
of the T waves or of auriculoventriculai con- 
duction were discounted because digitalis had 
been administered, data on axis deviation and 
rhythm were included In 61 cases (oi 30 per 
cent) electrocardiographic abnormalities were 

3 Ashman, R, and Hull, E Essentials of Elec- 
trocardiography, New York, The Macmillan Company, 
1937 

4 White, P D Heart Disease, ed 2, New York, 
The Macmillan Company, 1938 

5 Katz, L N Electrocardiography, Including an 
Atlas of Electrocardiograms, Philadelphia, Lea & Febi- 
ger, 1941 
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observed foi which hyperthyi oidism was the 
only demonstiable cause Of 140 cases of 
hyperthyroidism without othei causes for electro- 
cai diographic abnormalities, normal electro- 
caidiogiams weie found m 79 (or 56 per cent) 
and abnoimal records m 61 (or 44 per cent) 
Evaluation of the electi ocardiographic ab- 
noimalities attributed to hyperthyroidism in 
pieviously reported series of cases has been dif- 
ficult because other causes were not eliminated 
and patients of all age groups were included 
Since older patients may have electrocardio- 
graphic abnoi mahties as the only demonstrable 
evidence of degenerative heart disease, we 
divided the patients m our senes into arbitrary 
age groups The age gioup from 14 to 40 years 
consisted of 64 patients, 41 of whom (oi 64 
pel cent) had normal recoids Two of those 
who had abnoimal records weie excluded be- 
cause the abnormalities of 1 could be attributed 
to admmistiation of digitalis and those of the 
othei to iheumatic heait disease Twenty-one 
(oi 33 pel cent) of this gioup had abnormal 
electi ocaidiogiams foi which no cause othei 
than hypeithyroidism was apparent 
The age group from 41 to 75 years consisted 
of 104 patients, 38 of whom (or 36 5 per cent) 
had normal records Twenty-six of the group 
with abnormal records weie excluded because of 
othei etiologic factors The abnormalities of the 
lecords of the lemammg 40 patients (or 38 4 
per cent) apparently were due only to hyper- 
thyroidism The inci eased propoition of ab- 
normal recoids for the older age group may be 
attributed m part to degeneiative heart disease 
which was not demonstrable by means other than 
the electi ocardiogram However, the electro- 
cardiograms of 7 of 17 patients in this group 
1 everted to noimal after thyroidectomy 
The average basal metabolic rate was only 
slightly higher in the patients with abnormal 
electrocardiogi ams (45 pei cent plus) than in 
those with normal records (37 per cent plus) 
In the younger age group the basal metabolic 
1 ate was the same for those with normal and those 
with abnormal records (42 per cent plus) In 
8 patients with clinical hypeith) roidism (m 3 of 
whom the condition was recurrent) the basal 
metabolic rate was less than 15 per cent plus 
For 5 other patients the basal metabolic rate 
had not been determined at the approximate 
time of the electrocardiographic studies Ex- 
clusion of these two gioups would not have 
altered the geneial findings m any way They 
were included because the diagnosis m each 
instance had been well established clinically 
The approximate duration of symptoms of 
hyperthyroidism was only slightly longer for 


the patients with abnormal electrocaidiogiams 
(twenty-six months) than for those with noimal 
lecoids (twenty months) This fact may be 
due in part to the greater numbei of oldei 
patients with abnoimal electrocardiograms, the 
average duration of whose S 3 miptoms was thiit) 
months, while the average duration of S}mptoms 
of those with normal records was only fifteen 
months On the othei hand, foi the youngei age 
group the average duiation of symptoms of those 
with abnormal electrocardiograms was eighteen 
months and of those with normal lecoids twenty - 
four months 

Although this senes is not laige, it is of 
mteiest to note that abnoi mahties were moie 
common in the electi ocaidiogiams of men than 
in those ot w'omen Of 30 male patients, 21 (oi 
70 pel cent) had abnoimal lecords 

The aveiage heait late was approximately the 
same in all gioups (100 pei minute) Thus, 
tachycardia in hypeithyioidism in itseli cannot 
account foi the abnormalities, although it may 
bung out latent abnormalities in the records of 
the oldei age gioup m a mannei similai to 
exei cise “ 

Sinus tachycaidia (rate 100 oi nioie) was the 
most common ihythm found in hyperthyi oidism 
It w'as present m 61 (or 43 5 per cent) of 140 
patients at the time the electrocaidiogiams were 
taken A significant degiee of sinus aiihythmia 
was noted m only 4 patients Ventiiculai 
ectopic beats weie encountered m only 6 patients 
and auiictilai ectopic beats m only 1 

Auricular fibi illation was obseived in 20 (or 
14 pel cent) of the 140 patients Since this 
was a selected senes, the incidence maA have 
been somewhat highei than it would have been in 
a consecutive senes However, a suivey of the 
hteiature show^ed that from 13 to 20 per cent 
of patients with hyperthyroidism have auriculai 
fibi illation Baiker, Bohning and Wilson^ 

6 Twiss, A , and Sokolow, AI Angina Pectoris 
Significant Electrocardiographic Changes Following 
Exercise, Am Heart J 23 498, 1942 

7 (o) Coelho, E Les troubles cardiaques dans la 

maladie de Basedow et le myxoedeme Etude electro- 
cardiographique, Ann de med 30 272, 1931 (&) Damc- 

shek, W The Heart in Hyperthj roidism, Boston Al 
& S J 190 487, 1924 (c) Don, C S D , and Lang- 

ley, G J Some Aspects of the Electrocardiogram in 
Toxic Goiter, Quart J Aled 1 9, 1932 (d) Kam- 

merer, H , and Obermaier, A Elektrokai diographische 
Untersuchungen an Thj reotoxikosen ^or und nach 
der Operation mit besonderer Berucksichtigung der 
T-Zacke, Deutsches Arch f klin Aled 174 117, 1932 
(c) Rose, E , Wood, F C, and Alargolies, A The 
Heart m Thyroid Disease II The Effect of Thyroid- 
ectomy on the Electrocardiogram, J Clin In\ estigation 
14 497, 1935 (/) White, P D , and Aub, J C The 

Electrocardiogram m Th}roid Disease, Arch Int Aled 
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noted that of their 108 hyperthyroid patients 
with auricular fibrillation 23 per cent had 
transient or paioxysmal auricular fibrillation 
In our series auricular fibi illation was paroxys- 
mal in 5 and chronic in 15 patients In 5 of 
these the auricular fibrillation was converted to 
a sinus rhythm — in 2 after rest and tieatment 
with iodine and m 3 after thyroidectomy One 
patient, aged 59, who continued to have fibrilla- 
tion three months after thyioidectomy, was given 
qumidine, with subsequent development of 
auricular flutter, which was later converted to 
a permanent auricular flbnllation In another 
patient, aged 38, who had auricular fibrillation, 
bouts of auricular flutter had been demonstiated 
by electrocardiogram Five weeks after thy- 
roidectomy she again had a paroxysm of auricu- 
lar flutter, but subsequent electrocardiograms 
have shown a normal sinus rhythm For the 
remaining 12 patients with auricular fibrillation, 
no electrocardiograms were taken postop- 
eratively, but 5 have had a normal rhythm 
clinically, 1 has had less frequent clinical 
paroxysms of auricular fibrillation, 3 have had 
persistent auricular fibrillation, 1 has died, and 
the status of 2 is not known In the age group 
from 14 to 40 auricular fibrillation occurred 
infrequently (in 2 of 62 cases, or 3 per cent) 

Diffuse toxic goiter occurred in 116 of the 
140 patients, of these 12 had auiicular fibrilla- 
tion Eight of the 24 patients with toxic nodular 
goiter had auricular fibrillation Thus the 
incidence of auricular fibrillation was 10 3 per 
cent m diffuse toxic goiter and 33 3 per cent in 
toxic nodular goiter When the 3 ^ounger age 
group, in whom auricular fibrillation occurred 
infrequently, was excluded, a different picture 
was presented Of 46 patients with toxic diffuse 
goiter in the older age group, 10 (or 22 per 
cent) had auricular fibrillation In the same age 
group, 8 (or 25 per cent) of the 32 patients 
with toxic nodulai goiter had auricular 
fibrillation 

The average duiation of symptoms of the 
patients with diffuse toxic goitei was approxi- 
mately twenty months, and that of the patients 
with toxic nodular goiter was twenty-eight 
months Among the 20 patients with auricular 
fibrillation the average duration of symptoms of 

22 766 (Dec ) 1918 {g) Willius, F A , Boothby, 

W M , and Wilson, L B The Heart in Exophthal- 
mic Goiter and Adenoma with Hyperthyroidism, M 
Clin North America 7 189, 1923 (/i) Kerr, W J , 

and Hensel, G C Observations on the Cardiovascular 
System in Thyroid Disease, California State J Med 
20-306, 1922, Arch Int Med 31 398 (March) 1923 
8 Barker, P S , Bohning, A L, and Wilson, 
F N Auricular Fibrillation m Graves’ Disease, Am 
Heart J 8 121, 1932 


those With diffuse toxic goiter was twenty-nine 
months and of those with toxic nodular goiter 
seventy-three months The striking difference 
in duration of symptoms, even for so small a 
series, suggested that the increased incidence 
of auiicular fibrillation in cases of nodular goiter 
was associated with longer duration and with 
older age The basal metabolic rates of the 
patients with the two types of goiter were 
approximately the same (44 per cent plus for 
patients with a diffuse toxic goiter and 46 per 
cent plus for those with toxic nodular goiter) 
Partial auriculoventi icular block or prolonga- 
tion of the PR interval for age and heart rate” 
was found in 7 patients who had received no 
digitalis and in 2 patients who had been digi- 
talized The PR intervals of these 7 patients 
were 
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Three of these patients have had postoperative 
electrocardiograms, and the other 4 have had no 
further electrocardiograms 

Impairment of auriculoventncular conduction 
m hyperthyroidism has been recognized since 
de Vries Reihngh® m 1915 reported complete 
heart block, demonstrated by polygraph, in a 
48 year old woman with hyperthyroidism and 
the Stokes-Adams syndrome Prolongation of 
the PR interval was described in 1918 by Krum- 
bhaar as occurring in 2 of 51 patients with 
goiter (not all of whom had toxic goiter) 
Stem in 1921 reported prolonged PR intervals 
for some patients Kerr and Hensel reported 
a PR interval of 5/25 second in 3 of 181 cases 
of goiter (not all instances of toxic goiter) 
Willius, Boothby and Wilson observed 1 
patient with a PR mteival of 0 28 second (not 
influenced by atropine) m their series of 377 
hyperthyroid patients They believed that this 
condition was a contraindication to digitalis 
therapy In a case of our series in which the 
PR interval had progressed from 0 24 to 0 28 
second, the interval subsequently decreased to 
0 24 second although digitalis had been ad- 
ministered preoperatively (fig 1) Dameshek® 

9 de Vnes Reilingh, D Een zeldzame stoornis 
in de hartwerkzaamheid bij morbus Basedow, Nederl 
tijdschr V geneesk 11 1425, 1915 

10 Krumbhaar, E B Electrocardiographic Obser- 
vations in Toxic Goitre, Am J M Sc 155 175, 1918 

11 Stein, G C W On Electrocardiograms m 
Thyrotoxic Conditions, Minnesota Med 4 82, 1921 
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noted that of his 141 patients, 5, whose basal 
metabolic rates were 60 per cent plus or more, 
showed some degree of aunculoventricular 
block, but he had not excluded contributing 
factors All but 1 of Dameshek’s patients were 
under 37 years of age The 7 patients of our 
series had an average basal metabolic rate of 
47 per cent plus, or approximately the same as 
that of the patients with othei electrocardio- 
graphic abnormalities Goodall and Rogers 
reported PR intervals of 0 3 second in cases of 
hyperthyroidism On the other hand. Smith and 
Colvin observed no PR interval of more than 
0 17 second m their series of 120 cases Rose, 
Wood and Margolies found no piolongation 
of the PR Intel val in their 106 patients with 
goiter except m 1 whose goiter was considered 
nontoxic (PR interval, 0 24 second) 


these (or 28 per cent) there was notching The 
P wave was abnormally wide in lead I or II in 
7 cases (or 5 per cent) In 3 cases the wide 
P waves were also notched, and in 1 case they 
were abnormally high One other instance of 
an abnormally high P wave in lead II was seen 
Diphasic P waves in lead I or II were en- 
countered in only 1 case Our observations do 
not corroborate previous reports in which high 
P waves were regarded as characteristic of 
hyperthyroidism 

Many observers have considered the amplitude 
of the QRS complex in hyperthyroidism to be 
high None of the patients in our series had 
QRS amplitudes above the recognized limits of 
normal (35 mm ) ^ Of 32 patients who had 
electrocardiograms taken after thyroidectomy, 6 
had lowered QRS voltage (3 of these had proved 
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Fig 1 — Tracings of a woman aged 29 with diffuse toxic goiter of two months’ duration (basal metabolic 
rate 65 per cent plus) Partial aunculoventricular block and a flat Ti were becoming normal after thyroid- 
ectomy 


No case of complete auriculoventiicular block 
was observed in our series It is noteworthy 
that in the reported cases of hyperthyroidism 
associated with complete heart block there has 
been complicating acute infection or digi- 
talization 

Variations in the P wave were observed in 
44 (or 31 per cent) of the 140 cases In 39 of 

12 Goodall, J S , and Rogers, L The Electrical 
and Histological Manifestations of Thyrotoxic Myo- 
carditis, Brit M J 1 1141, 1927 

13 Smith, F J, and Colvin, L T Certain Cardio- 
vascular Features of Hyperthyroidism, Ann Clin Med 
5 616, 1927 

14 Cameron, JDS, and Hill, I G W Heart 
Block in Toxic Goiter A Report of Two Cases, Edin- 
burgh M J 39 37, 1932 Davis, A C , and Smith, 
H L Complete Heart-Block m Hyperthyroidism 
Following Acute Infections A Report of Six Cases 
With Necropsy Findings in One Case, Am Heart J 
9 81, 1933 


myxedema) The duration of the QRS complex 
was prolonged in 5 cases, in 2 of these the 
duration was 011 second, in 2 right bundle 
branch block occurred and in 1 there was left 
bundle branch block The ages of the patients 
were 57, 57, 51, 42 and 33 years, thus 4 were in 
the older age group We believe that the pro- 
longed QRS complex in these cases probably was 
due to eoexistog disease of the eoronary artery 
rather than to hyperthyroidism One patient in 
our senes had a prolonged QRS complex with 
a short PR interval, the so-called bundle of Kent, 
associated with paroxysmal auricular fibrillation 
After thyroidectomy, repeated electrocardiograms 
have been normal, although less frequent par- 
oxysms of auricular fibrillation have been noted 
clinically 

Abnormal deviation of the axis to the left was 
encountered in tracings of 7 patients of the older 
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group In no case was it altered significantly 
after thyroidectomy Deviation of the axis to 
the light occurred in the tiacmgs of 2 young 
patients, in both of whose cases it was referable 
to body build In 3 cases the electiical axis 
shifted toward the right aftei thy i oidectomy, but 
it did not vaiy significantly in any other case 

In many of the records slight elevation or de- 
piession of the ST segment was seen, but it was 
always within normal limits except in cases in 
which digitalis had been given or in which hyper- 
tension was piesent 

In the past, high T waves have been con- 
sidei ed characteristic of hyperthyroidism 
White and Aub,^^ in 1918 weie among the fiist 
to cast doubt on this concept They stated 
“In hyperthyroidism, the T wave is often low 
and its height does not paiallel necessarily 


not chai acteristic of oui series In the tiacing 
of only 1 patient (who also had hypertension) 
the T waves m leads I and II exceeded the upper 
limits of normal (6 mm )% they measured 6 mm 
in lead I and 8 mm m lead II In the normal 
records the highest T^ was 4 mm and the 
average was 2 3 mm (the average standard of 
Ashman and Hull® is 2 mm ) The highest T, 
in the same records was 5 5 mm , and the average 
was 3 1 mm (average standard, 3 mm ) 
Measurements of the T wave were omitted in 
the cases of 19 of the 61 patients with abnormal 
records because of coexisting prolongation of the 
QRS complex, hypertension or administration 
of digitalis Tj was abnormal in 23 and T. in 22 
of the remaining 42 cases Thus, of 121 cases 
m which the T waves apparently were not 
influenced by other factois, T^ was abnormal 
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Fig 2 — Tiacmgs of a man aged 55 with diffuse toxic goiter of one hundred and twenty months’ duration 
(basal metabolic rate 29 plus) Ti was low and Ti of unusual contour Paroxysmal auricular fibrillation wa*; 
noted two days after thyroidectomy The patient was normal two months after operation and had myxedema 
with low QRS and T waves three years postoperatively 


changes in the height of the metabolism , it some- 
times 1 uns conversely to it ” Krumbhaar 
noted that the T waves m leads I and II 
occasionally were diphasic and inverted and 
thought this signified a poor prognosis Kerr 
and Hensel observed that Ti or T, was low 
in the tracings of 6 patients who had advanced 
myocardial disease, 2 of whom died Low or 
inverted T waves have subsequently been 
observed in association with hyperthyroidism by 
many authors Abnormally high T waves were 

15 Hoffmann, A Die Elektrographie als Unter- 
suchungsmethode des Herzens und ihre Ergebmsse, 
Wiesbaden, J F Bergmann, 1914, p 108, cited by 
Coelho , ’’a cited by Stem 

16 Katz® Coelho Don and Langley Kammerer 
and Obermaier Rose, Wood and Margolies Wilhus, 


m 19 per cent and T, in 18 per cent Ab- 
normalities of T waves in both leads I and II 
in the same record occurred in 12 cases, or 
10 per cent Low amplitude was the most com- 
mon abnormality (25 instances) Abnormalities 
were notching in 12, diphasic T waves in 9 

Boothby and Wilson Goodall and Rogers 1= Smith 
and Colvin is Hamburger, W W , Leo, M W , i 
Priest, W S, and Howard, H D The Heart m 
Thyroid Disease I Changes in the T Wave of the 
Human Electrocardiogram Following Iodine Medica- 
tion and Thyroidectomy, Arch Int Med 43 35 (Jan ) 
1929 Graybiel, A, and White, P D Inversion of 
the T-Wave m Lead I or II of the Electrocardiogram 
in Young Individuals with Neurocirculatory Asthenia 
with Thyrotoxicosis in Relation to Certain Infections 
and Following Paroxysmal Ventricular Tachycardia, 
Am Heart J 10 345, 1935 
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and abnormal contour in 4 cases These ab- 
normalities occurred about as frequently in the 
cases of youngei patients (in 22 cases) as m 
those ot the older age group (in 23 cases) 
Although a characteristic “rolling” contour of 
the “thvioid T wave” has been described by 
McGuiie and Foulger/^ we aie unable to 
lecognize any typical contour of the T wave m 
oui series 

Studies to deteimine the causes of the ab- 
noimalities in the T waves will be discussed in 
a latei paper, hyperventilation was found to be 
one factor 

Follow-up studies after a period of rest and 
administiation of iodine or after thyioidectomy 
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Fig 3 — T lacings of a woman aged 22 with diffuse 
toxic goiter of twelve months’ duration (basal meta- 
bolic rate 41 per cent plus) Low notched Ti and T- 
and diphasic T< were nearly normal two weeks after 
lest and tieatment with iodine, and the tracing was 
normal aftei thyroidectomy 

were made in 17 cases m which the T waves had 
been abnoimal In 14 of these the pieexisting 
abnoimalities had disappeared, in 7 the only 
abnoimal T wave was in lead I, in 4 the ab- 
noimal T wave was in lead II, and in 4 the T 
waves in both leads I and II weie abnormal 
In 3 cases the abnormalities persisted , Tj in 
1 case, T, in the second case and both and 
Tn m the third case 

SUMMARY 

Among 168 patients foi whom electrocardio- 
grams weie taken during the period of thyro- 

17 McGune, J, and Foulger, M The Influence of 
Tlnroid Extract and Hyperthyroidism on the Electro- 
cardiogram, with Special Reference to the T-Wa\es 
Am Heart J 8 114, 1932 


toxicosis, 140 showed no causes othei than 
h 3 perthyioidism for any possible electrocardio- 
giaphic abnormalities Of the 168 patients, 79 
(or 47 per cent) had normal records, while 89 
(oi 53 per cent) had abnormal ones Sixty- 
Iwo of the 140 patients were in the age group 
from 14 to 40 years and 78 in the age group 
from 41 to 75 years Seventy-three pei cent 
had diffuse toxic goiters, and 27 per cent had 
to^fic nodular goiters Seventy-nine per cent 
were women, and 21 per cent were men 
Electrocardiograms demonstrated auiicular fibril- 
lation 111 14 per cent of the cases Prolongation 
of the PR inteival for age and heait rate occui- 
red in 5 per cent Of 121 patients without 
other causes foi abnormalities in the T waves 
19 per cent had abnormalities of Tj, 18 per 
cent of T 2 and 10 per cent of Tj and To in the 
same record Auricular fibrillation was the only 
abnoimality the incidence of which was not fairly 
equal for the younger and the older age group 

Electrocardiograms taken after treatment of 
hypei thyroidism showed disappearance of ab- 
normalities of the T waves of 14 of 17 patients, 
with persistence of the abnormalities in 3 patients 
Auricular fibrillation was replaced by a normal 
rhythm in 7 of 8 patients reexamined and 
peisisted in 1 Of the patients with partial 
aui iculoventriculai block, 3 had postoperative 
electrocardiograms which showed the auiiculo- 
ventricular conduction time to be normal 

CONCLUSIONS 

In our series of cases of hypei thyioidism the 
notewoithy electrocardiographic findings 111 
order of frequency were (1) sinus tachycardia, 
(2) various abnormalities of the T waves, of 
which low amplitude and notching were the most 
common, (3) auiicular fibrillation, (4) partial 
aunculoventriculai block, and (5) in rare 
instances auricular flutter After exclusion of 
other causes foi electrocai diographic abnormali- 
ties, the incidence of these findings was the 
same for the younger (14 to 40 years) and 
for the older (41 to 75 years) group of patients 
After treatment of hyperthyroidism, the ab- 
normalities tend to disappear In the presence 
of hyperthyroidism, electrocardiograms must be 
interpieted with caution, since they may simulate 
those of persons with organic heart disease 

Miss Jean Hitch, secretary of the Thyroid Clinic, 
and ^Iiss Ola Nagle, of the Electrocardiographic Lab- 
oratory, assisted in compiling data 
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CLINICAL ASPECTS (CONTINUED) 

Intesfmal Obsti xichon — The detailed physiology of intestinal ileus continues to 
leceive attention, and a study by Oppenheimer and Mann was undertaken to 
determine the role of intestinal capillaiy circulation during varying degrees of 
intraluminal pressure, with paiticular regard to intestinal viability Definite 
capillaiy patterns were seen in expermiental obstruction, and it appeared that mtra- 
parietal capillar}'' flow ceases when the intialummal pressure reaches a level of about 
60 mm of mercury Lower pressures produce little or no change m the intra- 
parietal capillary circulation Reactive hyperemia followed deflation in all the 
experiments, and it was noted that angulation or twisting of extramural vessels 
resulted m cessation of capillary flow at the lower values of distending piessure 
(less than 30 mm ) 

Evans presents studies on shock m intestinal strangulation, with particular 
observations on loss of plasma He emphasizes the earlier studies of Blalock, who 
pointed out the importance of an intelligent appraisal of the various causes of shock, 
which must include differentiation between the initiating factor and the sustaining 
or terminal factor Evans groups undei three general headings the factois he 
believes to be important m the causation of shock in intestinal strangulation The 
initial phase is associated with obstruction of venous flow but not with impairment 
of arterial flow, with resulting increased capillaiy filtration locally and loss of 
plasma The second is a sustaining phase, in which the plasma piessure remains 
elevated as long as the loss of plasma can be compensated for by a protective vaso- 
motor mechanism In this phase only local damage results until excessive loss of 
plasma causes a fall in blood pressure and a diminution m caidiac output and a 
generalized increase in capillary permeability The terminal phase is one of gen- 
eralized damage to the capillaries, with further leakage of protein and fluid from 
the vascular bed, pulmonary edema and eventually necrosis of the intestinal mucosa, 
with permeability to the contents of the obstructive loop 

A study by Abbott and his associates was undertaken to evaluate quantita- 
tively the changes m plasma volume and in the “available fluid” (extracellular) 
in experimental obstruction at various levels of the intestinal tract The conclusions 
are well presented, although not new, and with the preceding paper clarify the 
therapeutic indications in cases of intestinal obstruction The amount of gastro- 

263 Oppenheimer, M J , and Mann, F C Intestinal Capillary Circulation During Dis- 
tention, Surgery 13 548, 1943 

264 Evans, E I The Mechanism of Shock m Intestinal Strangulation An Experimental 
Study, Ann Surg 117 28, 1943 

265 Abbott, W E , Mellors, R C , and Munt-wyler, E Fluid, Protein and Electrolyte 
Alterations in Experimental Intestinal Obstruction, Ann Surg 117 39, 1943 
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intestinal fluid lost varies greatly, depending on the level and degree of obstruction 
and the amount and frequency of vomiting A deficit of body water, usually 
1 esulting from a diminished intake and an excessive loss, may be greatly accelerated 
when distention, strangulation, hemorrhage or infection occurs The rapidity of 
loss of body water depends on the number of causes piesent and the severity of 
each The hematocrit leading and the protein and the chloride content of the 
plasma cannot be employed to estimate quantitatively the decrease m plasma 
volume A deficit in the total circulating plasma protein may be considerable in 
cases of prolonged intestinal obstruction, and this loss is frequently masked by 
hemoconcentration Successful treatment depends largely on the completeness with 
which body water can be restored and on the prevention of fuither loss 

Motility of the small bowel was found by Leigh to be markedly depi essed 
in cases of ileus associated with edema of the bowel Deflation can best be heated 
by measures directed toward raising the plasma protein concentration and theieby 
modifying the constitutional state of the patient He emphasizes a point which is 
still not adequately recognized — that therapy diiected to leplacement of fluid and 
salt will increase the edema as long as the plasma piotein concentration remains 
at edema level He might well have added that such replacement therapy can in 
part be avoided by the intelligent use of salt-free fluids until normal plasma piotem 
relationships are restored 

As a rule, the diagnosis of intestinal ileus can be confiimed by careful roentgen 
studies Stadler cites 2 cases in which incomplete intestinal obstruction was 
associated with typical clinical symptoms but results of roentgen studies caiefully 
cai ried out were absolutely nonconti ibutory Goldman -‘'® comments on the same 
phenomenon and presents a case history and animal experiments in substantiation 
In 10 animals sudden production of strangulating obstruction of a loop of small 
bowel produced typical roentgenologic evidence, but in 75 pei cent of 20 other dogs, 
in which the stiangulating obstruction was produced by gradual interfeience with 
the blood supply and later with the wall of the bowel itself, roentgenogi ams failed 
to show typical changes Such observations obviously imply the necessity for 
caieful examination and evaluation of the clinical picture as the most important 
measuies in dealing with this condition 

Levitin and Trauner"®'* also discuss the postoperative i oentgenologic findings 
in the abdomen and state that postoperative distention is usually m the nature of 
paralytic ileus, which is independent of the type of anesthesia used Mechanical 
block may exist without clinical manifestations When demonstrated and treated 
surgically, the bowel returns to noimal almost immediately, as viewed in the roent- 
genogram A positive roentgenographic diagnosis of mechanical obstiuction is defi- 
nite, regardless of the presence or absence of clinical symptoms Like the preceding 
authors, they note that negative roentgen findings in a clinically distended abdomen 
do not lule out the presence of seveie abdominal pathologic change 

Unusual causes for intestinal obstruction may be mentioned briefly Fagar- 
asanu^^® cites an instance of duodenal occlusion due to an internal hernia in the 

266 Leigh, 0 C , Jr Ileus Associated with Edema of the Bowel, Surg , Gynec & Obst 

75 279, 1942 . fa . > 

267 Stadler, H E The Preeminent Importance of Clinical Signs in the Diagnosis of 
Intestinal Obstruction in Early Infancy, JAMA 120.1384 (Dec 26) 1942 

268 Goldman, L Intestinal Strangulating Obstruction with Negative Roentgenologic 
Findings, Surgery 13 834, 1943 

269 Levitin, J , and Trauner, L M A Roentgenological Study of the Postonerative 
Abdomen, Surg, Gynec & Obst 75 510, 1942 

270 Fagarasanu, I Rare Cause of Duodenal Occlusion Internal Retroduodenal Hernia 
Wien med Wchnschr 91 857, 1941 
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1 eti oduodenopanci eatic recesses Palmer notes what must be an unusual clinical 
manifestation, namely, recurrent attacks of subacute intestinal obstruction due to 
extieme toituosity of the abdominal aorta, which caused pressuie on the left portion 
of the transveise colon Approximately 7 cases of primary calculi of the small 
bowel causing obstruction have been reported in the literature DeWitt and his 
associates describe such a condition m a man of 26, who complained of sudden 
onset of abdominal cramps and vomiting The cause of the obstruction, which nas 
localized in the proximal portion of the ileum, was a huge fecolith composed largeh 
of vegetable fibeis 

Obstiuction du6 to gallstones is common, but certain points of clinical interest 
may be mentioned m commenting on lepoits by Hinchey,"'“ Hand and Gilmore "'■* 
and Hodson Over 200 cases have been reported to date, and according to the 
literature instances of obstruction due to biliary calculi constitute about 1 to 2 pei 
cent of all cases In the majority of cases the terminal part of the ileum is the site 
of obstiuction Hinchc}' mentions 6 patients in whom gallstones were localized in 
the jejunum The opeiative mortality is high — 50 pei cent in some reports For 
this reason it is wise to postpone surgical intervention in the absence of definite 
obstiuction until roentgen examination makes it apparent that the progress of the 
discovered stones has stopped One of Hmchey’s cases apparently involved a stone 
which had been observed in the small bowel ovei a period of five years without 
obstiuctive symptoms Immediate exploration in the face of obstruction is obviously 
indicated A point made by Hand and Gilmore is of some interest, namely, that 
when a large facet is noted on a gallstone removed fiom the bowel one should 
account for the second stone to avoid a possible recurrence of ileus A rather 
unusual case is that reported by Hodson, of a woman of SO years, in whom loeiitgen 
examination indicated two stones in the gallbladder and two in the region of the 
lower pait of the ileum Operation for obstruction was performed, and one of 
the ileal stones causing obstruction was located and successfully removed The 
othei could not be located but subsequently was passed, as shown by loentgen 
studies 

Intussusception is essentially a disease of infancy and early childhood A repoit 
by Rowe of 10 cases of its occurrence in adults, therefore, is of some interest 
Eight of the patients presented the usual clinical picture of chronic recurrent 
intussusception, due to varying causes Such a condition does not involve emei- 
gency surgical intervention, but opeiation should not be unduly delayed once the 
diagnosis has been established Two other patients with intussusception weie 
included The underlying causes weie the usual ones, such as tumor of the small 
bowel, Meckel’s diverticulum, mesenteric glands and previous operation Primai} 
intussusception usually starts in the ileocecal angle For this reason a moie exact 
definition of “mobile cecum” is of importance, because of the association of this 
condition with acute intussusception or a'^oIvuIus Ingelfinger presents careful 

271 Palmer, PSA Case of Marked Tortuosity of the Abdominal Aorta Without 
Calcification, Causing Mild Attacks of Subacute Intestinal Obstruction, Ann Int Med 17 
358, 1942 

272 DeWitt, W F , Morrissey, P G , Jr , and Failla, S D Obstruction of the Small 
Intestine from a Primary Calculus, Mil Surgeon 92 34, 1943 

273 Hinchey, P R Gallstone Ileus, Arch Surg 46 9 (Jan ) 1943 

274 Hand, B H , and Gilmore, W E Gallstone Ileus, Am J Surg 59 72, 1943 

275 Hodson, C J A Case of Intestinal Obstruction Due to Gallstones, Brit J Radiol 
16 185, 1943 

276 Rowe, P G Intussusception in Adults, Canad M A J 47 219, 1942 

277 Ingelfinger, F J Intermittent Volvulus of the Mobile Cecum, Arch Surg 45 156 
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studies on intermittent volvulus of the mobile cecum In ordei to give the term 
leal clinical significance, he limits the expression “mobile cecum” to a cecocolon 
vhich usually lies m its proper position but which potentially is subject to a process 
of lotation in the intact abdomen of the living person Acute cecal "volvulus is 
lelativelv infrequent Somewhat under half of the patients with acute cecal volvulus 
have suffeied from chronic symptoms before the acute attack Ingelfinger piesents 
loentgenogiams in a typical case, demonstrating that the cecocolon could rotate 
easih thiough an angle of 180 degrees and that transient intestinal obstiuction 
could occur He discusses the diagnostic value of Millei -Abbott intubation in 
this condition 

A more unusual example of intestinal volvulus is described by River and 
Gubler in which the volvulus was localized and the megacolon limited to the 
ttans\eise poition of the large bowel The lesion was demonstrated adequately 
by roentgen examination Volvulus of the sigmoid is an occasional cause of obstruc- 
tive ileus It is rare m voung people, and the most important etiologic factor is a 
long mesentery with a nai row attachment to the posterior abdominal wall 
Excellent illustrations of the condition are given by Hinton and Steiner and 
Metheny and Nichols The lattei describe the extremes m age incidence, 
1 patient being 3 months old and anothei 93 years 

The details of the successful management of intestinal obstruction have been 
fully emphasized m many ai tides duimg lecent years, and the principles undei- 
lymg such therapy are being moie generally emphasized by careful attention to 
leplacement therapy, decompression and recognition of the physiologic disturbances 
occurring in shock The result of the applications of these principles is apparent 
m the improvement m moitahty statistics, as shown, for example, m an article by 
Smith and van Beuren These authors report a study of the cases of 580 patients 
with acute ileus treated over a peiiod of twenty-four years The cases are divided 
into SIX periods of four yeais During the first twenty years, mortality was gradu- 
ally 1 educed from 66 6 pei cent to 284 pei cent by the application of inipio\ed 
general surgical methods In the last period, after the use of the Miller-Abbolt 
tube, the mortality was still fuither reduced, to a level of 23 8 per cent An impor- 
tant fact emerges from then statistics, namely, that in patients operated on aftei 
foity-eight hours no real iinpiovement m operative results has been obtained m the 
last twenty years They comment on the value of intra-abdommal use of sulfanil- 
amide po\vder, but correctly state that it is not a good substitute for proper surgical 
intenention Even lowei mortality figures are reported in compaiable groups 
tieated duimg the same four year peiiod by Noer and Johnston and Dennis and 
Blown-®® These authors lecord postoperatn^e mortality since the use of decom- 
pression methods of 19 9 pei cent and 17 9 pei cent, respectively In spite of a 
geneial iinpiovement m the lesults of tieatment of acute intestinal obstruction, a 

278 Ruer, L P, and Gubler, J A Transverse Alegacolon Associated with Chronic 
Vohulus, Ann Surg 117 786, 1943 

279 Hinton, D, and Steiner, C A Recurrent Volvulus of the Sigmoid Colon An 
Unusual Case Report, Ann Surg 116 147, 1942 

280 l^Ietheny, D, and Nichols, H E Volvulus of the Sigmoid, Surg, G\'nec & Obst 
76 239, 1943 

281 Smith, B C , and van Beuren, F T Acute Ileus Analysis of One Hundred and Thirty 
Operated upon at the Presbyterian Hospital, New York City from 1936-1939 Inclusive with 
Use of the Miller-Abbott Tube in 1938 and 1939, Ann Surg 117 427, 1943 

282 Noer, R J , and Johnston, C G Small Intestine Obstruction, Ann Surg 115 935 
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283 Dennis, C, and Brown, S P Treatment of Small Bowel Obstruction Procedure 
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persistent mortality, varying from 12 to 20 pei cent, is still reported Wangen- 
steen makes the pertinent statement that in these figures a definite mortality of 
treatment should be identified Too enthusiastic reliance on suction management, 
as he points out, contributes to the mortality of treatment, owing largely to the 
uncompensated loss of fluid and electrolytes and to overoptimism resulting from 
palliation of symptoms 

Any method which aids m determining the viability of the bowel is of great 
importance m the surgical management of intestinal strangulation For this reason, 
a prehminaiy report of Herrhn and his associates"®® is of interest They describe 
the use of fluoiescein, whereby diiect visual evidence concerning the viability of the 
mjuied portion of the intestine can be established immediately They also mention 
the diagnostic and theiapeutic help that may be obtained by the injection of procaine 
hydi ochloi ide along the vessels leading to a strangulated loop, with resulting release 
of vascular and muscular spasm 

Appendicitis — Although theie is an inci easing awareness of the problem of 
appendicitis by the laity, it is pertinent to point out to physicians diagnostic diffi- 
culties arising m relation to this condition For this reason brief mention will be 
made of various recent articles bearing on the diagnosis of appendicitis and its 
complications A careful analysis of 100 cases of acute gastroenteritis and 60 cases 
of acute appendicitis m university undergraduates is piesented by Quigley and 
Contratto^®® In many instances a differential diagnosis was extiemely difficult 
Characteristic of acute gastroenteritis were explosive onset of colicky pain, which 
was usually poorly localized, vomiting, diarrhea, high fever and a white blood 
count of less than 10,000, with bizarre or no abdominal signs In the cases of 
appendicitis, almost invariably the onset was insidious, with steady abdominal 
pain Tenderness and true spasm were diagnostic signs of the greatest importance, 
and lebound or cough tenderness referred to the right lower quadrant of the 
abdomen was almost pathognomonic 

The association of appendicitis with common contagious diseases was studied 
by Goodman and Silverman "®‘ Among nearly 30,000 cases of common contagious 
diseases were found 153 cases of acute appendicitis proved by gross and micio- 
scopic evidence The greatest incidence was noted m patients with measles and 
with varicella Of particular importance is the fact that in more than one half of 
102 cases of acute appendicitis occurring m association with contagious diseases 
the appendix was found to be ruptured at operation Such a finding indicates 
that the possibility of acute appendicitis as a concomitant of the exanthematous or 
other contagious diseases is frequently overlooked and necessary operation thereby 
delayed 

A source of diagnostic difficulty that is fortunately rather uncommon in this 
country is the confusion caused by the occasional association of acute appendicitis 
with typhoid This is especially true in the piodiomal stages of typhoid when a 
clearcut diagnosis is not obvious and when symptoms point to the lower right 

284 Wangensteen, O H New Operative Techniques in the Management of Bowel Obstruc- 
tion, Surg, Gynec & Obst 75 675, 1942 
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quadrant of the abdomen For this reason the aiticle by Inda and his associates 
IS worthy of comment Although mentioned in previous hteiatuie, the simulation 
of acute appendicitis by acute strain of the rectus muscle is not fully appreciated 
Eight cases are reported by Bowers and Richard In only 1 was a correct 
diagnosis made prior to the patient’s admission to the station hospital Other 
conditions rarely simulating acute appendicitis are infectious mononucleosis and 
the bite of the black widow spider 

A physical sign that conceivably may be of diagnostic importance is one leported 
by Capuiio,^”^ who attributes it to hypei esthesia of the posterioi portion of the 
peritoneum Deep palpation of the region of the iliac muscle, which is internal to 
and above the ciest of the anterior iliac spine, provokes pain that is localized, 
according to this authoi The reaction is apparently independent of the position 
of the appendix and applies to patients with little or no abdominal spasticity 
Another diagnostic point of some consequence is stressed by Stevens,"”® who com- 
ments on the value of auscultation of the abdomen in the diagnosis of acute appen- 
dicitis He claims that he has never seen a patient with acute appendicitis at oi 
near the time of rupture who had a noisy abdomen He cites various exceptions, 
and it IS obvious that this is merely one other physical sign of impoitance, lather 
than pathognomonic evidence 

Appendicitis in its protean manifestations fiequently interests the gynecologists 
Damage to the right adnexal structures through inflammation piimary in the 
appendix is well known Less fiequently repoited is left-sided abdominal and 
pelvic infection during or subsequent to inflammation of the appendix Three 
instances of such a complication are recorded by Faulkner and Weir Another 
unusual complication is the occurrence of an umbilical discharge secondary to appen- 
dicitis This may occur as a consequence of spontaneous lupture of an appendical 
abscess resulting in an enteroumbihcal fistula, or it may be caused by a generalized 
peritonitis secondary to inflammation of the appendix Illustrative cases of such 
complications are described by Allen and Johnson ””” 

The presence of fecoliths is known to be an impoitant factor in the pioduction 
of acute attacks The diagnosis of such appendical fecoliths is occasionally made 
and may wairant suigical mteivention Jackman®”” calls attention to the roent- 
genologic aspects A rathei odd finding, which concerns the letention of material 
in the appendix, is leported by Sanes and Ambrusko Out of a series of 1,395 
appendices examined histologically, 17 specimens showed the presence of a peculiar 

288 Inda, F F , Natin, I , and Lefevre, H The Appendix in Typhoid Fever, Semana 
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substance at the lumen of the appendix, ^\hlch was subsequently identified as baiiuin 
sulfate In 9 of the cases the appendix had been removed for interval or “chronic’' 
appendicitis The clinical implication of such a finding is discussed by the authois, 
who refer to Holmes’s statement that “in the so-called chronic appendix where 
the infection has come and gone, there may be no evidence of the process othei than 
fixation and failure to empty An appendix which retains barium seveial days 
after the ascending colon has emptied is a potential souice of trouble’’ 

The moitahty from appendicitis, although still an important figuie, shows 
signs of giadual i eduction, m all probability due to educational campaigns and the 
use of chemotherapy Reports on large senes of cases are presented by Watkins 
and Dennis and his associates Nineteen thousand, four hundred and one cases 
encounteied fiom 1930 to 1941 inclusive arc reported by Watkins to have shown 
a decline in mortality from 6 8 pei cent in 1930 to 2 8 per cent in 1941 Dennis 
recoids the lesults in 1,393 cases, with an over-all mortality of 1 75 per cent He 
ventuies the opinion, wdiich should be taken seriousl}, that in spite of the tact that 
it requires the expenditure of more hospital days, drugs, blood and caie conseiva- 
tive therapy is probably the tieatment of choice in cases of appendicitis w'lth spiead 
of the disease beyond the appendix itself 

A highly informative and honest analysis of the pioblem of chionic appendicitis 
IS to be found in the report of Willatier and O’Neil These authors made a study 
of 375 cases of patients wdio weie operated on because of pain in the right lower 
quadiant of the abdomen Micioscopic examination of the suigical specimens 
revealed the fact that histologically there w^as no evidence of appendicitis in 104 
Such a study is an obvious indication foi the need of a really honest and caieful 
examination of patients who present the symptoms of reccurent pain in the right 
lower quadiant, if unnecessary surgical operations are to be avoided 

A possible theiapeutic measure foi the treatment of peritoneal infection such 
as may occui as a sequel of appendicitis, is discussed by Miley and Rebbeck 
These authors attempt to control peritoneal infection and toxemia by means of 
ultraviolet ii radiation of the blood The material studied consists of 72 seiial and 
unselected cases of peritonitis In 29 chemotherapy had admittedly failed In 
the remainder there had been no therapy foi the control of the infection except 
the use of ii radiated citrated blood There w'as complete absence of leactions 
Of the 72 patients so treated, 40 were said to have geneiahzed peritonitis and 32 
of these recovered Such a therapeutic measui e - w^ari ants critical consideration, 
if the accuracy of the diagnosis in the individual cases can be accepted 

Caicinoid tumors of the appendix may be benign, but theie can be little doubt 
that they represent potentially malignant lesions Insistence on the essentially 
malignant possibilities of such tumors is stressed by various authors, and several 
histologic variations of such tumors are described (Hopping, Dockerty and Mas- 
son®®^, Satory®®®, Uihlem and McDonald®®^, Young and Wyman®®®) 
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A cuiious and lathei rare condition involving the appendix is mucocele One 
case of this lesion is repoited by Lynch and Dixon, in which the mucocele caused 
cl tremendous dilatation of the appendix, which bulged into the cecum foi to 
2 inches (3 8 to 5 cm) The preoperative diagnosis, on the basis of loentgen 
examination, was a polypoid lesion of the cecum Among othei intra-abdominal 
conditions causing acute attacks that may simulate appendicitis, reference may be 
made to complications secondary to epiploic appendages The surgical signifi- 
cance of these is discussed in articles by Giffin and his associates and Harte 
Myers and Zollinger call attention to one other possibility, namely, the occui - 
lence of gastrointestinal symptoms in the presence of inguinal hernia Such 
symptoms, if well established, may indicate basic oi antecedent causes othei 
than the pioved hernia and should be evaluated before suigical intervention 

Dwei Ucuhtis — Diverticulosis may occur at any level of the gastrointestnidl 
iiact and is a common and usually asymptomatic condition The loentgen 
diagnosis of duodenal diverticulosis was first described by Case in 1913, although 
the oiiginal description was given by Chomel in 1710 Since Case’s leport 
nearly 400 cases have been mentioned m the hteiatuie A careful anatomic 
description of duodenal diverticula and variations of the duodenum is given b} 
Ackeimaiin,^^® based on studies of anatomical specimens The probable incidence 
among adults, according to Finney, is between 1 and 1 5 pei cent He wise!} 
warns against intensive theiapy except in an occasional case 

In 2 instances diveiticula of the duodenojejunal flexure apppaientl> caused 
seiious dial rhea and weie diagnosed for some time as “colitis” These cases 
aie leported by Schoen Similar lesions m the jejunum, eithei single oi 
multiple, also may be the source of symptoms requiring surgical intervention 
Very few^ instances of such lesions associated with an acute inflammatoiy process 
01 peifoiation have been recoided Ovens reports the occui rence of a dififuse 
generalized peritonitis secondary to jejunal diverticulitis, which was successful!) 
lieated by lesection The suigical risk from removal of jejunal diveiticula 
obviously IS distinctly lower than that associated with operation on the duodenum, 
and suigical lemoval of such lesions should theiefore be approached with less 
hesitation, as pointed out by van Ravenswaay and Winn,®^' in the event that 
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symptoms warrant suigical intervention These authors review the literature, 
which includes about 230 reported cases of diverticula m this location 

Meckel’s diverticulum is a i datively common source of s 3 miptoms in chil- 
dren In adults it is much less frequent, but it may cause symptoms simulating 
acute appendicitis oi may cause important bleeding, much as it does in the younger 
age gioup Such complications are recorded by Heyn and Doehneit^^'^ and by 
Servetnick and Nichols, occurring in persons over 20 years of age Roentgen 
demonstiation and diagnosis of Meckel’s diverticulum are not commonly made 
One case studied because of obscure gastrointestinal bleeding is repoited by 
Ledoux Mulsow was able to find only 9 previous case reports of calculi 
in Meckel’s diverticulum He leports an additional case in which such stones 
were mistaken for gallstones The patient complained of several acute attacks 
of severe abdominal pain At operation, a large gangrenous Meckel’s diverticulum 
was found impacted with calculi, which were not gallstones 

Few cases of solitary diverticulitis of the cecum with symptoms simulating 
acute appendicitis have been i epoi ted Baker and Garble add 2 cases of this 
condition, and Schiiug^-® reports 6 additional cases 

As a cause of serious symptoms, diverticulitis of the sigmoid is by far the 
most common source Smithwick discusses in detail the surgical aspects of 
this condition On the basis of 2,400 cases with diverticulosis of the sigmoid, 
he concludes that diverticulitis will develop in about one quarter of the cases 
In the series of cases discussed by this author, one fifth of the patients were 
treated suigically The dangers and difficulties associated with operation for 
this condition are discussed m detail Of various procedures, he advocates the 
Mikulicz operation with an open, end to end anastomosis He considers the 
reported inoitahty of 11 5 per cent for this operation too high and believes that 
the mortality should be i educed Resection with reestablishment of continuity 
is usually possible, according to his experience He believes that resection offers 
the greatest hope for improvement for persons suffering from severe and com- 
plicated foims of diverticulitis Such a conclusion is probably justified, but it is 
quite possible that modern chemotheiapeutic methods may render surgical inter- 
vention unnecessary m many of these complicated cases 

The value of a sigmoidoscopic examination in establishing a diagnosis of 
diverticulosis is not generally appreciated Jackman and Buie®-" analyzed 400 
cases of diverticulosis of the colon In 150, the diagnosis was made clinicallj 
and by roentgen examination, in 8, by clinical and sigmoidoscopic examination 
In 160 of the remaining 242 cases, sigmoidoscopy showed or indicated the presence 
of diverticula The most valuable single sigmoidoscopic finding, aside from 
actually seeing the diverticula, is the presence of sacculations This report is 
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informative, but I am inclined to agree with the authors’ conclusion that diag- 
nosis should rest fundamentally on careful roentgenologic study 

A rare complication of diverticulosis, according to Guthrie and Wakefield, 
may be mesenteric cysts Twenty-two such tumors were studied histologically 
by these authors, who believe that these cysts may represent pinched-off 
diverticula 

Cancer of the Laige Bowel — As elsewhere in the alimentaiy canal, it has 
been found possible to produce malignant tumors m animals by carcinogenic 
substances Precancerous epithelial lesions, adenocai cinomas and hemangioendo- 
theliomas of the intestinal tract or adjacent structures were produced in mice 
by White and Stewart,®^^ using methylcholanthrene Oral administration of 
olive oil and animal fats previously oxidized by heating produced malignant 
tumois in the digestive apparatus in rats, as reported by Rofifo Frequently 
the effect did not appear until after two years As a study of substances capable 
of producing malignant growth, Rolfo compares the absorption curves for the 
natural and oxidized fats in the ultraviolet region and compares them with those 
for phenanthrene, cholesterol and irradiated cholesterol The possible lelations 
between these two groups of curves are discussed 

As in other portions of the digestive tract, the early recognition of malignant 
lesions still leaves much to be desired The candid analysis' of diagnostic failures 
in this disease by Shearburn is at once timely and disappointing Of 100 
consecutive patients with cancer of the rectum, only 36 had had adequate lectal 
examinations prior to admission to the hospital Because of the frequent incidence 
of cancel of the rectum and the successful results following early operation, the 
responsibility of the general practitioner in this regard is clear lhat nearly 
two thirds of 100 patients with this disease had not had an adequate rectal exami- 
nation is rather appalling, and the author is to be commended for bringing such 
statistical data to the general reader Among other pertinent remaiks, one is 
worthy of repetition — that the treatment of recurrent or prolonged diarrhea 
without rectal examination is to be condemned An accompanying statement is 
equally important — namely, that the treatment of hemorrhoids, either by surgical 
or by conservative measures, without first investigating the upper part of the 
rectum is also to be condemned 

In a discussion of the complications and causes of mortality of the suigical 
treatment of carcinoma of the colon and rectum, Garlock, Ginzburg and Glass 
report an equal degree of carelessness in another section of the country in this 
particular respect Between 20 and 25 per cent of patients admitted to the 
hospital because of carcinoma of the rectum had undergone treatment for hemoi- 
rhoids during the preceding two to five months without adequate digital or proc- 
toscopic examination of the rectum The preoperative and postoperative therapy 
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in such cases, including chcinothci ap> , intestinal intubation and the manageineni 
of cardiovasculai complications, is tieated in detail in this article 

The indications for and against suigical tieatment of this disease arc thoroughh 
consideied by Shedden and by David and Gilchiist Shedden points out 
many of the difficulties incident to radical opciation on patients of the older age 
gioup He considers extreme obesity a positive contraindication in persons ovei 
70 yeais of age This group of patients, which constitutes 17 per cent of his 
entire senes of 166, leceives special consideration in a repoit which is w'ortln 
ot study David and Gilchiist disicgaid adiposit), age, cardio\ ascular disease, 
laige tumois, enlaigement of legional lymph glands and resectable attachment 
of the tumoi to the prostate, lectovaginal septum, uteius or adnexa, bladder or 
uietei as contiaindications to ladical opeiation Their decision to extend the 
indications foi radical opeiation, they admit, will increase operative mortalitj, 
but It will also, they believe, icsult in actually a larger number of patients being 
given a long teim cuie Shedden’s figures of SO pei cent operabilit) with a 
4 4 per cent mortality are excellent Bowers is in accord w'lth David and Gil- 
christ m lefusing to accept the extensive involvement of adjacent structures as 
a contraindication for radical operation Citing individual cases, he reaches the 
conclusion that neoplastic involvement of the bladder is no reason m itself to 
wnthhold radical operation 

IMeasuies directed tow'aid a reduction in postoperative mortality of cancer ot 
the 1 ectum are discussed b) Binkley, Abels and Rhoads Of 65 patients w ith 
malignant neoplasms of the colon and rectum, one third had preoperative hypo- 
pi otememia, a lower figuie than that found foi patients w'lth cancer of the stom- 
ach This incidence increased to 86 per cent aftei opeiation In the discussion 
of measures directed against this complication, they advocate the use of intravenous 
])lasma protein in the early preoperative peiiod During the postoperative con- 
valescence, sufficient amounts of dietary nitrogen may be ingested to counteract 
the postoperative hypoproteinemia They believe that the correction of this par- 
ticulai abnormality is in great part lesponsible for the decreased mortality among 
patients with rectal and colonic cancer The presence of infection in the patients 
studied considerably impaned the effectiveness of the measures outlined to com- 
bat the hypoproteinemia 

The palliative treatment of inopciable patients usually lesolvcs itself into 
intensive radiotherapy Philips discusses the roentgenotherapy of 65 surgi- 
cally rejected caicinomas of the i ectum Nineteen tumois disappeaied aftei 
treatment by million-volt x-rays Nothing approaching this was seen aftei treat- 
ment with ordinal y 200 kilovolt x-rays 

In a study of the gross and micioscopic characteristics of carcinoma of the 
gastrointestinal tract with relation to the incidence of metastases to regional 
lymph nodes, Kay demonstrated such metastases m tw'o thirds of 53 speci- 
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mens lemoved for i octal cancel A study of these and of other caicinomas involv- 
ing the colon and stomach substantiates the conclusion that neoplasms in youngei 
persons tend to have a highei incidence of metastases Theie was no relation 
lietween the duration of symptoms and the presence of metastases to lymph nodes 
No relation was found to exist between the size of the neoplasm and its spread 

The impoitance of removal of appendices epiploicae in the near vicinity of 
sigmoidal cancer is stressed by Gilchrist and David, who studied a laige 
numbei of specimens of carcinoma of the lectum and sigmoid By injection 
piepaiations, lymph channels were demonstrated m the subseiosa on the anti- 
mesenteiic boidei of the sigmoid, which may tiavel at least 3 cm lengthwise of 
the bowel befoie tuining lateially to drain into the mesentery If there aie 
appendices epiploicae in this aiea, the lymph channel may drain diiectly into the 
lymph nodes that they contain The authors point out that at least 3 cm of 
sigmoid proximal to a caicmoma must be resected if satisfactory lesults are to 
be obtained 

Epideimoid caicmoma of the anus and lectum constitutes a lelatively small 
piopoition of malignant lectal or anal neoplasms Cattell and Williams®^® state 
Its incidence to be 17 per cent and discuss in detail the various theiapeutic 
measuies that are indicated 

Othei Tumors of the Laige Intestine — Symptoms of obstiuction oi hemoi- 
ihage aie the usual concomitants of a tumor of the laige intestine, even when 
It IS benign Massive hemorihage may occur even fiom a submucous lipoma, 
and a case of such involving the ascending colon is leported by Saint The 
fiequenci with which benign tumois may be found m the large bowel is indicated 
m a lepoit by Helwig,''^^ who demonstrated 154 tumors in 1,460 consecutive 
autopsies Of these, 139 weie benign adenomas, although the designation of 
such tumois as benign is somewhat misleading, inasmuch as they represent poten- 
tial malignant giowth Only 80 of the adenomas occuired as single lesions 
Theie weie 13 lipomas m the series The most common site for the adenomas 
was found to be the sigmoid colon 

Familial pol}posis of the colon is well lecognized, although occasionally no 
Iiistoiy can be obtained of involvement of other membeis of the family The case 
leported by Elkan and 2 of the 3 cases recorded by Pickworth fail to show 
am histoiy of family involvement, although Elkan states that this condition is 
inhented as a mendelian dominant The more usual picture is illustrated in a 
lepoit by Falk,^^° who presents the study of a family of 7 children 6 of whom 
showed multiple polyposis of the colon, of whom 2 died after caicinomatous 
degenei ation The inheritance was from the pateinal side, the fathei dying at 
48 of cancer of the rectum and the grandfather at 30 of a severe intestinal con- 
dition, Avhich may have been associated with polyposis 
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Polyposis involving both the small and the large intestine is almost unique 
Geiwig and Stone lepoit such an occuirence in a man of 25, who showed 
polypoid involvement of the jejunum as well as the colon Jejunal intussusception 
was the immediate cause for hospitalization 

Less common tumors of the colon may he mentioned biiefly Stout was 
able to find but 6 cases of carcinoid of the rectum reported in the literature 
He adds 6 additional cases, the histologic features of wdiich differ from those of 
the commoner carcinoids found m the appendix and small intestine Leiomyoma 
IS more commonly found in the stomach, raiety in the colon One case of such 
a tumoi IS presented by Good The roentgen studies in this case revealed the 
same characteristic previously alluded to, namely, preservation of the mucosal 
lelief around the pi ejected tumor The rectum is the most common site of 
gastrointestinal melanoma, although this tumor is relatively infrequent One 
is described by Goldman and Robillard Three cases of primary h mphoid 
tumor of the rectum are repoited by Smith,“'‘° largely because no report of a 
primary lymphoid tumor in this location resembling internal hemoirhoids could 
be found in the hteiature One of Smith’s tumors was a lymphosarcoma, and 
2 were benign lymphomas The diagnosis was made by microscopic examination 
of the induiated hemoiihoidal tissue icmovcd at operation 

Intestinal Paiasitcs — An increasing recognition of the clinical importance of 
intestinal parasites in this country is apparent in the numerous ai tides appearing 
in the hteratuie Of these, certain ones have been chosen for mention to illustrate 
the rather univeisal interest in this type of disorder of the alimentary tract 

Because of the necessity for a simple method that can become part of a routine 
examination even in small hospitals, Markey and his associates have evolved a 
reliable, simple and rapid technic for the iron-hematoxylm staining of fecal material 
for the study of intestinal protozoa With their method, they claim that it is possible 
to obtain temporary preparations suitable for diagnosis in less than ten minutes 
Hakansson advocates the use of aqueous smears in the examination of feces for 
intestinal protozoa He and his colleagues have used aqueous smears extensively 
at the Naval Medical School, and have found that for certain purposes such a 
method can be used advantageously in routine examinations and is particularl> 
helpful to student technicians and inexperienced workers It is suggested not as a 
substitute for an isotonic saline solution smear, but as an additional method used 
principally for the two following purposes (1) to destroy the blastocysts (Blasto- 
cystis hominis) and thus facilitate the search for and identification of piotozoan 
cysts, and (2) to identify Dientamoeba fragilis 
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In Santo Domingo, Ravelo-Baire and Thomen have studied 500 consecutive 
fecal specimens, of which over 50 pei cent were found to contain some species of 
intestinal piotozoa Only 14 per cent of the stools levealed Endamoeba histolytica 
Balantidium coli is not known to exist in the district studied 

D’Antoni investigated a total of 236 patients in the New Oi leans distiict 
because of chronic colonic symptoms, including dysenter)'’, diarrhea, fever of 
undetermined origin and vague abdominal pain Over one fouith of the patients 
levealed evidence of infestation by E histolytica The symptoms of all but 3 weie 
cured with diodoqum (5,7-diiodo-8-hydioxyquinoline) In 2 of the 3 cases of 
therapeutic failure, shigella infection was an associated complication, and it was 
present in 21 others In another 21 persons symptoms weie attributed to the 
presence of giardiasis, sti ongloidiasis or hookworm infection 

An interesting report is found in a survey by Nickel on amebiasis and hook- 
worm infection in Mississippi on the basis of appi oximately 50,000 examinations 
of stools Hookwoim infestation was demonstrated in approximately 25 per cent 
E histolytica was found in only 44 per cent of the entire gioup, although other 
protozoa weie piesent in almost one thud of the specimens examined The total 
number of specimens repiesented 1 for eveiy 44 persons in the state Investigations 
show that the severity of hookwoim infections has appaiently been reduced, while 
the number of people infected has increased 

The importance of giardiasis as a cause of symptoms is still a moot question 
in the minds of most physicians For this reason, the report of Ormiston and 
Wilson on a pi olonged outbreak of enteritis associated with this infection is of 
mteiest An outbreak is described which occuiied m a group of 51 people housed 
in a family residence used as a wartime nurseiy Eighty-six per cent of the inmates 
showed s 3 ^mptoms of the disease Giardia lambha was found in three quarters 
of the childien and adults having loose stools at the time of examination and m only 
one third of those with normal stools In four fifths of the children and adults with 
a histoiy of intermittent or continuously loose stools for some months, the paiasite 
was easily demonstrated A cure was quickly and successfully effected by the use 
of quinacnne hydrochloride given in two five day couises If, as is probable, there 
IS a symptom complex associated with Giardia infection in a reasonable number of 
cases, these symptoms ai e nonspecific but are more or less characteristic of irritation 
in the region of the pyloius, prepylorus and duodenum, as Welch points out 
He desciibes in detail the symptoms, laboratoiy findings and lesults of roentgen 
examinations m 13 cases A point of mteiest is the fairly constant finding of motor 
and inflammatoiy changes in the pyloric and duodenal areas, evidenced by changes 
in mucosal lelief and motoi activity This would seem reasonable in view of the 
locus of infection usually encountered in this condition Theiapy with quinaciine 
hydrochloi ide was entirely satisfactory, as is the usual experience That Giaidia 
may occasionally involve the biliary tiact has been lecognized foi some time In 
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discussing Welch’s article, Swalm reports 1 case of giardiasis which was oiiginalK 
diagnosed as caicmoina of the liver Because of the finding of Giardia in the 
duodenal contents, quinacnne therapy was instituted, and the size of the liver was 
1 educed following therap)' Dieyfuss also lefeis to involvement of the hepatic 
parenchyma 

Pinworm (Enterobius veimicularis) infection is described in articles by 
Headlee^®* and Jones The latter confiims previous reports that there is a 
decided difference between infection in white persons and in Negroes In a selected 
group that was composed of equal numbers of white and of Negro children, the inci- 
dence among the white childien was 88 per cent, as contrasted with an incidence 
of only 12 pei cent in the Negro group Diagnoses weie made b} the NIH 
swab technic 

An unusual cause for dianhea is to be found in the leport by Ross who 
describes a patient of 28 who had had intermittent and serious diarrhea since the 
age of 5 In the absence of other ascertainable cause for the symptom, the relief 
of the dianhea after paitial destruction of the parasites and the obsenation b\ 
sigmoidoscopy of a worm with its head apparently buried in an inflamed area of 
colonic mucosa, the authoi v\ as convinced that the dtari hea was a result of infection 
by whipwoim (Trichocephaliis trichiurus) 

Allusion has already been made to an alteration in the mucosa of the human 
being secondary to hookworm infection A detailed study of roentgenologic changes 
in the small intestine associated with the presence of hookwoim is found in an 
article by Krause and Crilly^-’" These authors describe changes in the small 
intestinal pattern which are frequently attributed to deficiency disease Complete 
studies of the small intestine were made on 97 white men Icnown to harboi hook- 
worm (Necator amencanus) There was no other disease known to be associated 
with the hookworm infection Of 44 patients with clinically significant hookworm 
disease, 40 showed abnormality of the small intestinal pattern, and in more than 
half of these the changes were model ately or far advanced Of the asymptomatic 
patients, the vast majority had normal roentgen pictures After anthelmintic 
therapy, there was a return toward a normal pattern in the cases of severe involve- 
ment The authors suggest, on the basis of previous work by McKenzie m 1939 
that such changes are associated with real deficiency disease resulting from impaired 
absorption 

A thorough examination of 210 appendixes was made by Rector,®*® who made 
the rather surprising observation that practically 5 pei cent were found to be 
infected with Oxyuns vermicularis 

Chandler records the first case to be repoi ted of human infection v\ ith tape- 
worms of the genus Mesocestoides The human infection was probably deiived 
from eating improperly cooked flesh of a wild mammal or possibly^ a frog 
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McCoy submits a lathei mteiesting set of observations concerning the incuba- 
tion period of tiichinosis Data compiled from the recent literatuie and from the 
Rochester (N Y ) outbreak of 1937 indicate that the incubation period m 156 
cases of trichinosis was twenty-two days or less, with lare exceptions The shortest 
peiiod was two days The great variability in the duration of the incubation period 
and the fact that occasionally it was three weeks or longer emphasize the lack of 
close correlation between the life cycle of the parasite and the clinical course of the 
disease These observations contribute evidence for the view that the symptoms 
of trichinosis result mainly from an accumulated toxemia, rather than dii ectly f i om 
the activities of the parasite during migration in the body 

Sisk reports his experiences in the use of phenothiazine in the treatment of 
vaiious parasitic infections This drug is a new preparation distantly i elated to 
sulfanilamide, and is the parent substance of a large number of dyes, one of which 
IS methyltluonme chloride (methylene blue) Using vaiying doses, Sisk found that 
apparently satisfactoiy lesults were obtained from a total dose of 12 Gm for adults 
over a five day period The diug was of no appreciable value in the tieatment of 
hookworm or trichuris infection, but apparently was of some value in the ti eatment 
of infection due to Ascaris 

Ulcerative Colitis — Nothing new of importance can be found in the cm lent 
literature regaiding the cause of this distressing condition A numbei of studies 
aie of interest, however, legardmg the clinical manifestations of the disease and its 
11 eatment A certain amount of careful attention has been paid to the nutiitional 
factois that aie invariably encountered in patients with anything but the mildest 
torms of ulcerative colitis Page and Ins colleagues have earned out a com- 
paiative study of dextrose and dextiin tolerance m patients with this disease 
Repoits by previous authors indicate low or flat blood sugar curves for oral dextrose 
tolerance tests In a control group of 58 patients, 40 per cent showed curves of this 
type Groeii ( 1938) ascribed the decreased absorption of dextrose to a defect in the 
absorptive capacity of the intestinal wall, rather than to unusually rapid passage 
of the intestinal contents In this particular study, 23 patients with chionic ulcera- 
tive colitis of one or more years’ duration were investigated At all points the 
blood sugai levels weie higher after administration of dextnns than of dextrose 
One houi after administiation of dextiose the tiue blood dextrose had risen 
42 pel cent over the aveiage fasting level, while aftei the administration of dextrin 
It had increased 70 per cent Two hours after administration of dextrin the blood 
sugar level was 21 per cent above normal, as compaied with a 7 per cent elevation 
for dextrose At the end of three hours the levels weie essentially the same ivith 
the two test substances 

Zetzel, Banks and Sagall,^®® using a pieviously described technic, estimated the 
late of absorption of ammo acids from a closed jejunal loop in 3 patients with 
chronic idiopathic ulcerative colitis and in 2 with chronic enteiocolitis All were 
studied during an exacerbation of the disease In 4 cases there was marked impair- 
ment of absoiption as compared with that of noimal persons The degree of 
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impaument of absoiption was con elated with the seventy of clinical evidence 
of malnutiition, as shown by the case reports The authors mention the possibility 
that incomplete digestion also occuis m the small intestine of patients with chronic 
ulcerative colitis, but they feel that the lesults of their study and of previous ones 
by Elsom indicate that dysfunction of the small intestine contributes to the det^elop- 
ment of the deficiency states seen in the disease The derangement of absorption 
contributes to the clinical manifestations by perpetuating a vicious cycle in spite 
of adequate oral intake, and therefore parenteral administration of essential and 
accessoiy food factors is important It is highly probable that these evidences of 
dysfunction of the small bowel m ulcerative colitis are indicated m part by the 
frequent abnormalities noted during roentgenologic examination These changes 
for the most part are reversible 

Page and Bercovitz continue their studies on vitamin A absorption in chronic 
ulceiative colitis by determining the vitamin A level in the blood plasma before and 
after the oial admmistiation of 100,000 U S P units of vitamin A Twenty-five 
patients wnth chronic ulcerative colitis, 9 patients wnth miscellaneous diseases of the 
digestive tract and 8 noimal contiols were investigated, and the expected result was 
obtained — ^that the plasma vitamin A level did not rise so high m patients with 
ulcerative colitis as in the control subjects 

It is generally recognized that prothrombin deficiency is a frequent finding in 
this disease Continuing their studies on the deficiency aspects of the condition. 
Page and Bercovitz determined the prothrombin clotting time and the fibrinogen 
content of the blood plasma m 21 patients Six had a constant hypoprothrombin- 
emia, and 13 additional patients fluctuated betw^een normal and slightly prolonged 
prothiombin clotting times during the period of study, wdiich covered tw'enty-one 
weeks The figures for plasma fibrinogen, as a rule, were slightly higher than in 
noimal adults, and the authois rightly conclude that the low blood prothrombin 
level offers the best explanation for the deficiency factor concerned w'lth colonic 
bleeding 

Other nutritional disturbances have been generally recognized m this condition, 
and It is a common experience to encounter evidences of retarded or abnormal 
sexual or somatic function in these patients Benson and Bargen discuss in 
detail developmental changes or retardation, with pai licular refei ence to the forma- 
tive yeais of childhood and adolescence, on the basis of 14 cases lefeired because 
of the erroneous suspicion that the patients were suffering from infantilism of 
pituitary origin or dwaifism In all of the patients, development and giowth had 
been normal up to the onset of symptoms of colitis, and the symptoms of infantilism 
are entirely in keeping with the amenorrhea observed in women with this condition 
These changes are in all probability associated with faulty steroid metabolism 
secondary to impaired absoiption 

Taking as a subject the management of ulceiative colitis, Bargen®®" discusses 
the various conditions producing ulceration in the colon which can be grouped 
under this heading So-called thromboulcerative colitis or idiopathic ulcerative 
colitis, regional ulcerative colitis and ulcerative colitis due to tuberculosis, venereal 
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lymphogranuloma, bacillaiy dysentery, dietary insufficiency and allergic disorders 
are all discussed m detail Because of the magnitude of his experience with this 
condition, the article is well worth reading and is presented in an authoritative 
fashion, although there is nothing particularly new in it With the exception of 
the fact that the authoi clings to the idea that a characteristic streptococcus is the 
cause of thromboulcerative colitis no exception can be taken to this splendid article 
Diagnostic, clinical and theiapeutic features of the disease aie well summaiized 

Chemotherapy for this condition is still on trial, and a \aiiety of opinions 
legal ding its efficacy are to he found in the current literature Mills and Mackie 
describe the condition as a polyvalent disease, the primary cause of which is 
impel fectly understood and the fundamental pathogenesis of which is nonspecific 
infection of the colon with any of a variety of organisms of mixed pathogenicity 
The vast majority of experienced observers would agree with this definition The 
paper of Mills and Mackie deals with the use of sulfathiazole, sulfaguanidine and 
sulfadiazine in 109 unselected cases Definite oi marked improvement was obtained 
in 78 per cent of the cases Sulfadiazine proved to be the drug of choice for all 
varieties Sulfaguanidine was of definite benefit in the majority of cases without 
excessive diarrhea The authors are careful to point out that none of these drugs 
should be considered specific for the disease, and no patient should be considered 
cured by chemotherapy 

Kirsnei and his associates report the treatment of 20 patients suffeimg from 
ulcerative colitis, venereal lymphogranuloma, bacillaiy dysentery and miscellaneous 
intestinal infections Sulfaguanidine was used, and these authors, unlike the pre- 
ceding ones, found no value from theiapy with this diug in cases of nonspecific 
ulcerative colitis They feel that the drug is of no value in the treatment of para- 
typhoid B infection and that it has no advantage over other sulfonamide compounds 
in the treatment of lymphogranuloma veneieum Like all other investigators, the 
same authoi s noted that this and other sulfonamide compounds decrease the 
bacterial count of the feces and tiansfoim the fecal flora from one with a pre- 
dominance of cohform bacilli to one composed almost eiitiiely of gram-positive 
oiganisms 

Succinylsulfathiazole, because of its relatively slight absorption from the gastio- 
intestmal tract, was chosen by Crohn for trial in the treatment of 37 patients 
with intestinal inflammatory diseases, of whom 28 had nonspecific ulcerative colitis, 
8 ileitis and 1 actinomycosis of the bowel The doses employed weie those 
oiiginally described by Both and were given over tvo periods of ten days each, with 
an inteival of five days between The patient with actinomycosis, with several 
fistulas, showed definite improvement None was noted in the patients with ileitis 
Ciohn was impressed, however, by the results obtained in the patients with ulceia- 
tive colitis, 5 of whom showed a quick sjmptomatic cure and 11 more definite 
improvement [Ed Note — This is not entirely in keeping with my experience 
in following a number of such patients during sulfasuxidme therapy Only those 
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without fevei have been benefited, and the\ onl}' after the piolonged admmistiation 
of the drug, an experience contrai y to that of Ci ohn, who claimes the best results in 
the cases of acute colitis C M J ] 

A new sulfonamide compound, salicyla/osulfapyndine, has been used in a few 
cases by Svartz,-”'" who considers the drug to be the best available medicament 
against ulceiative colitis The gioup studied is lathei small, and the fact that fever 
and cutaneous i ashes weie frequently encountered w'ould seem to militate against 
the use of this particular compound 

Neumann suggests a new' theiapeutic appioach to the problem of ulceratne 
colitis, namely, pneumoperitoneum The impiovement claimed is ascribed in part 
to activation of the visceral peritoneum and “tuning it to a higher pitch” by setting 
up a permanent balance irritation to the \ast peritoneal surface, and m part to 
mechanical action and influence on the autonomic nervous s} stem That such a 
measuie might be of real help in cases of apparently intractable chronic ulcerative 
colitis is interesting if true 

A discussion of ileostomy as a therapeutic measiue for ulceiative colitis is given 
by Bargen and his colleagues, but then conclusions and comments aie m the main 
biased by a predilection for medical therapj Their statement that ileostom} should 
be leseived foi those patients wdio have complications and for the occasional patient 
wdio has intractable ulceiative colitis W'ould meet wuth general appro\al Intracta- 
bility, hoAvever, should include prolonged inadequac}' as regards geneial nutrition 
and ability to lead a normal life When these criteria cannot be met, most experi- 
enced clinicians faAor ilcostom\ over semt-mvalidism under medical therapy In the 
discussion of the complications following ilcostoni}, all of the various associated 
sequelae are cleail} described There is an implication (which seems unfortunate) 
that many of these aie complications of the ileostomj rathci than of the underlying 
disease 

A more reasonable list of indications foi ileostomy in this chronic disease is 
presented by Cattell,''”® wdio bclie\ es that the operation should be performed in cases 
of acute, fulminating ileitis, whether in the first oi m recurrent attacks , on patients 
foi whom medical tieatment has failed, including those patients wdio are 
incapacitated, and on patients with massive hemorihage, subacute perforation, 
abscess, peiitonitis or fistulas, obstruction oi pohposis, including those with possible 
cancer Except foi the first indication listed, namely, acute fulminating attacks, 
most clinicians w'ould be in accoid Experience wuth ileostomy has been uiisatiS- 
factoiy in most instances in wdiich operation w'as performed because of an acute 
fulminating attack Cattell cites 9 instances in wdiich ileostomy openings have 
been closed and gives wdiat are usually consideied adequate indications foi such 
a decision These ai e clinical remission of symptoms ovei an appreciable pei lod , 
healing or inactivity of the inflammatory process observed by sigmoidoscopy , 
demonstration that the colon is distensible by means of a barium sulfate enema 
or a double contrast an enema 

Gash otnfesftnal Distui banecs m Childieii — Gastrointestinal s 3 niptoms noted in 
the newboi n infant and in chil di en possess some pecularities that w'arrant comment 
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undei a sepaiate heading On the basis that no other group of persons so neaily 
approaches the healthy state as do newborn infants, Henderson made roentgen 
studies on a group of 100 babies 9 days old or under The esophagus was some- 
times fusiform and sometimes straight, the lower half nearly always distending to a 
gi eater size than the upper half Various modifications of the adult shape of the 
stomach were noted, but it is interesting to realize that many of the subjects pie- 
sented the phenomenon of cascading The size of the stomach varied with the 
amount of air swallowed Pylorospasm was seldom encountered The emptying 
time was definitely slower than that noted m older pei sons, the stomach being cleai 
of baiium at the end of eight houis m only 30 of 110' in some there was twenty-foui 
houi stasis Segmentation was normal at a level below the duodenum, but the 
jejunal mai kings were frequently those beaded and stiinghke Only a few children 
were reexamined at a latei age, but in each the emptying of the stomach was moie 
lapid than at the first examination 

Histologic studies of the stomach and the small intestine m fetuses and in infants 
dying at birth were made by Bouslog,^"' who noted that all the characteristic sub- 
divisions of the adult were present m the stomachs examined but that musculai 
development was lacking The duodenum appealed more like a tube and did not 
show the divisions of the adult duodenum The jejunum and ileum were less 
developed than in the adult These findings are entirely consistent with the motoi 
phenomena just alluded to 

Zwerhng and Nelson studied the roentgenologic pattern of the small intestine 
111 infants and children ranging fiom 3 months to 11 years of age The results of 
the study showed wide variations in the pattern, which led the authors to an impoi - 
tant conclusion, namely, that the loeiitgen appearance of the small intestine is not 
at the present time a reliable ciiterion for the diagnosis of nutritional deficienc} 
states 

Henderson and Biiaiit^’® also record obseivations made after barium sulfate 
enemas on 105 healthy infants under 9 days of age Haustrations were present 
but were more shallow and less numerous than in older infants and adults The 
sigmoid was always ledundant, and redundancy of the descending colon, splenic 
fiexure, transveise portion of the hepatic flexuic and ascending colon was 
fiecjuently found 

Freudenbeig reviews the subject of seveie vomiting m infancy and presents 
a discussion of the differential diagnoses to be consideied during the fiist few days 
of life Malformations should be considered first and should include atresia of the 
esophagus and supiapapillaiy and infrapapillary stenosis of the duodenum After 
ten days of life, pyloric stenosis, cardiospasm and esophageal spasm should lie 
looked foi, and aftei six to twelve months, lumination m neuropathic infants 

Foi those inteiested in the pioblem of infantile pyloiic stenosis with particuUi 
lefeience to surgical treatment, a complete leview of the subject is presented by 
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Szilagyi and McGraw In the discussion of medical treatment of pyloric 
stenosis, Engel’s article is of interest m that, unlike many observers, he states 
that atropine methylnitrate is of no reliable help He believes that surgical methods 
are always to be preferred if it is desirable to shorten the duration of treatment, 
particularly if undernoui ishment is present 

Although it was originally described by Cruveilhier, little recognition is made 
geneially of the occurrence of peptic ulcer in infancy and childhood Guthrie 
reviews the literature on this particular type of ulcer and records in detail the obser- 
vations in 9 cases with autopsy Histologic examination of the ulcers suggested 
that they developed rapidly an j proved fatal before there was time for the occur- 
rence of any notewoithy cellular reaction Of the patients studied, 6 were undei 
3 months of age, and 1 of these died when 3 days old Potential etiologic factors 
are discussed, such as ciiculatory instabilit)' following prolonged labor and umbilical 
sepsis, but this discussion is purel)'' speculative The author makes the important 
point that hemorihage from the stomach or bowel is the most characteristic sign of 
peptic ulcer in infants Franklin®®* reports 2 cases of duodenal ulcer in children, 
of whom 1 had gross hemorrhage Like other observers, Moore comments on 
the diversity of symptoms in children and stresses the occurrence of pain and 
tenderness suggesting acute appendicitis as a not uncommon condition Clyne 
and Rabmowitch ®®® also stress this point, citing their experiences with 4 children 
ranging from 5 to 13 years Only in the latter did the symptoms in any sense 
resemble those of typical peptic ulcer m adults Newman ®®' reports the cases of 
6 patients, ranging from 4)4 to 12 years of age and again stresses the fact that 
symptoms are atypical Because of this fact the diagnosis of peptic ulcer in infants 
and children is basically a roentgenologic one, and the possibility should always be 
borne in mind when obscure abdominal pam is encountered in a child 

Reports on the occurrence and treatment of appendicitis in infants and children 
present nothing new but emphasize the fact that at times the clinical picture is 
extremely atypical Such a case is reported by Emerson,®®® who also reviews the 
literature and cites a successful operation for acute appendicitis in an infant 3 months 
old He stresses two important points the jnsidious onset of the condition and the 
rapidity of its progress to gangrene and perforation In the differential diagnosis, 
he sti esses the generally well recognized fact that not infrequently a pleural oi 
pneumonic infection can easily simulate the picture of appendicitis 

In areas where dysentery is usually mild and precautions against its spread are 
not normally so rigorous as those against typhoid, hospital diarrhea still affects 
thousands of children, with many fatalities This has been accentuated by the use 
of emergency hospitals in England, for example, since the outbreak of the wai 
Evans ®®® describes the experience of one such hospital in the last three yeai s 
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Among approximately 2,000 children admitted, of whom nearly 500 were undei 
2 years of age, there were 203 attacks of diarrhea starting after admission to the 
hospital Of the epidemic attacks, 89 were due to bacillary dysentery, 68 to food 
poisoning and 33 to other causes It is of interest that 10 of the nurses in the insti- 
tution had Sonne dysentery The author suggests four reasons for the spread of what 
IS obviously a preventable disease delayed diagnoses, inadequate bacterial studies, 
incontinence in children and lack of proper nursing facilities The lessons to be 
drawn from his report are correct McClure describes four epidemics of infec- 
tious diarrhea of newborn infants, with particular relation to the bacteriologic 
findings The hemolytic colon organisms appeared to show a much greater inci- 
dence in infants having epidemic diarrhea than in well infants in the same nurseiy 
In the epidemics investigated, the most toxic strains were isolated in a fatal 
case, whereas toxins isolated from an infant with loose stools in a mildei epidemic 
produced milder symptoms This author stresses the close association between the 
complementary feedings and the bathing and changing of the infants as a potent 
source in the spread of this infection Felsen and Wolai’sky report a small 
epidemic in which the most striking bacteriologic finding was a pure culture of 
Staphylococcus aureus No single agent was demonstrated, however, and they 
express the belief that epidemic diarrhea of the newborn may be a form of “focal 
nonspecific enterocolitis ” Plasma was found to be a valuable therapeutic agent 
The importance of bacteriologic studies in cases of so-called “summer diarrhea” is 
stressed by Kazarnovskaya and Soloveva,®”- who believe that a large number of all 
conditions clinically diagnosed as hemorrhagic colitis are really bacillary dysenteiy 
Chemotherapy for infants with diarrhea vanes little from that employed for adults 
and will be commented on later 

An interesting discussion of the cause and treatment of celiac disease is to be 
found in an article by May, McCreary and Blackfan As these authors have 
previously noted, the laboratory findings of the celiac syndrome established since 
Gee’s time are a flat sugar curve in the dextrose tolerance test, clumping of the 
barium meal in the roentgenogram of the gastrointestinal tract, and excess fat in 
the feces by chemical analysis From the data obtained in a study of 40 patients 
with celiac disease. May and his associates show that benefit was irregular and 
usually only partial when crude extracts of liver or vitamin B complex were used 
separately Definite improvement in the absorption of vitamin A and in the clinical 
picture was invariably obtained in a relatively short time when both extracts were 
given in large amounts There was no evidence as to the means by which absorp- 
tion in celiac disease was improved by the two extracts One obvious hypothesis 
is that some defect in the phosphorylation process in the mucosa is the cause of 
the impaired absorption, and on such a premise some factoi or factors in the crude 
extracts might be considered to play an indispensable role in phosphorylation The 
treatment outlined consisted in alternate daily intramuscular injections of 2 cc of 
crude liver extract (Lilly) and 4 cc of a preparation of vitamin B complex 
(parenteral B complex Lederle) These injections were continued for three weeks 
until definite clinical improvement was observed, after which vitamin B complex 
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^\as gnen oiall} Patients were maintained on a noiinal diet from the outset of 
tieatment The faAorable effects of paicntcrally administered riboflavin in patients 
with celiac disease and spuie and in a patient with adienal msufficienc) and steatoi- 
ihea aie consideied by Anlognim as best explained by the assumption that this 
vitamin occuis as a phosphoiylated compound in the intestine and that in this 
foim It exeits its effect on absoiption of fat The roentgenologic aspects of celiac 
disease are discussed b) Deamei and Capp in a papei dealing with celiac disease 
and chronic intestinal indigestion othei tlian that associated with cystic fibrotic 
disease of the pancreas m childien 2 to 3 jeais of age The disorderly clumping 
of baiium as it pi ogresses thiough the gastiointcstinal tiact is described, but one is 
inclined to accept any diagnostic specificity of such a finding ^\lth a certain amount 
of resen ation in view of the contiol studies already alluded to 

The second case of meconium ileus associated with stenosis of the pancreatic 
ducts to be leportcd m the liteiaturc is desciibed by Hurwitt and Arnheim 
Their recoid is of mleiest hccause of the discussion on the relationship between 
congenital stenosis of the jiancieatic ducts and the resulting meconium ileus, wfliich 
IS assumed to be due to the intcrfeicnce with the passage of pancreatic en7}mes 
into the duodenum A still more unusual occurrence is described by Agerty and 
his associates,'’"' m which a successful opei ation for a pci foi ation of the ileum was 
performed on a pi ematui e infant w ithin fifU -six hours after birth The perforation 
apparently had occuiied m fetal life, inasmuch as a fibrous exudate w'as noted 
aiound the peifoiatcd loop at the time of opei ation Another lare phenomenon 
IS repoited by Moriison and Neville,""® who cite a case of omphalocele with con- 
genital obstruction occuinng at birth The si7e of wfliat was a true congenital 
umbilical herni.i inci eased lapidly within five minutes after birth to a diameter of 
approximate!} 12 cm, owing to swallowing of air The infant was operated on 
successfully when SO minutes of age 

The admimsti ation of drugs by mouth is frcquentl} impossible in a child 
because of continued Aomiting In cases of meningitis, pneumonia and baallary 
dysenter}, for example, some alternative to the oial administration of sulfonamide 
dernatives is desnable Zeibiuo and Noibis """ discuss the intiaperitoneal injection 
of sulfonamide dei ivatn cs m children When administered liy the peritoneal route, 
such a drug appeared readily, for example, in the cerebi ospinal fluid, and the 
authors advocate such administration wdien the oial route is not favoiable 

Vitaiiiiiis — ^A complete discussion of the current literature on Mtainins in this 
leview IS not desirable, but ceitain articles will be cited that bear on the subject 
of gastrointestinal jdiysiolog}’’ oi disease Rao states that monkeys fed on diets 
based largely on milled rice and containing supplemental y food in small quantities, 
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similai to those consumed by the poor nee eateis m southern India had chronic 
diarrhea accompanied by atrophic changes in the small intestine Histologic exam- 
ination showed varying degrees of degenerative changes in the diffeient la}ers of 
the intestine and in the intramuial nerve plexus These changes did not occur in 
animals fed on a good diet based on whole \\heat, milk and vegetables In both 
groups, inflammatory lesions lesultmg from a superimposed bacillai} dysenteiic 
infection were sometimes present m the large bowel Such changes aie chaiac- 
teristically found in fatal cases of pellagra but aie not found in spiue A study 
by Ingelfingei and Moss on patients with spiue is theiefoie of inteiest Recoids 
of the motor activity of the small intestine were lepeatedl} taken foi 2 patients 
with sprue These records showed that the intestine in spiue lacks the lesistancc 
to distention exhibited by the normal intestine, that L waves are only intermittent!) 
piesent and that S waves tend to be of small amplitude Tieatment over shoit 
peiiods with individual fi actions of the vitamin B complex pioduced little change 
ill the tracings , prolonged treatment with whole vitamin B complex pi oduced some 
improvement only, and this impiovement was not commensurate with the clinical 
lesults obtained Injections of acetylbetamethylchohne chloride stimulated intes- 
tinal motility, but prostigmine was without effect In 1 patient posteiioi pituitai) 
solution, adienal cortical extract and desox)coiticosleione produce no change 
These observations suggested to the authors that m spine the neivous appaiatus 
of the small intestine fails to liberate active acetylcholine 

In experiments on animals Mai tin and his collaboiatois made a study of the 
influence of single and multiple B complex deficiencies on the motility of the gastio- 
mtestinal tiact Vaiious combinations of dietaiy deficiencies weie pioduced, in 
which one or another component of the B complex was omitted The authois 
weie convinced from then results that both inositol and pantothenic acid aie asso- 
ciated with the maintenance of normal gastrointestinal moloi function The sti iking 
similarity of then deficiencies in then effect on the digestive tract suggested an 
interdependence of the two A deficiency of eithei lesulted m increased gastric 
emptying time with pyloiospasm, marked segmentation of both small and laige 
intestine, general hypertonicity and hypomotihty, alternation of iibbonlike segments 
\Mth dilated loops, frequent foimation of gas, and fluid levels 

The factois concerned m the so-called deficiency pattern noted by loentgenol- 
ogists in the small intestine is discussed by Sussman and Wachtel They make 
the impoitant point that edema and infiltiation of the submucosa, atrophy of the 
mucosa, musculai damage, and neural degeneration, modified at times by abnormal 
intestinal content and by unusual hormonal oi nervous stimuli, individually are 
sufficient to produce this deficiency pattern With some diseases, such as gianu- 
lomatous jejunoileitis and allergic enteritis, there is no reason to suspect that any 
othei factois are operating In nutiitional deficienc), a primary disturbance in the 
tissues may be pioduced by the deficiency itself, which seems to be related to the lack 
of ceitain vitamin B components Golden, in discussing this article, insists on 
the impoitance of considering that the common denominator m all of these con- 
ditions IS a pathologic oi physiologic disturbance v ithin the intestinal all Some 
of the possible contributing factors have been piesented 


Ingclfinger, F J , and Moss, R E The Motihtj of the Small Intestine in Sprue 
J Chn In\estigation 22 345, 1943 ’ 

402 Martin, G J , Thompson, M R , and de Carvajal-Forero, J The Influence of Single 

and Multiple B Complex Deficiencies upon the Motihtj of the Gastro-Intestinal Tract \m T 
Digest Dis 9 268, 1942 ’ ■’ 

403 Sussman, M L , and Wachtel, E Factors Concerned in the Abnormal Distribi.tirni of 
Barium in the Small Bo\\el, Radiologj 40 128, 1943 



178 


ARCHIVES OF INTERNAL MEDICINE 

The lesults of experiments bearing on the absoiption of ascoibic acid from the 
upper part of the small intestine are fully desciibed by Nicholson and Chornock^®* 
Using intubation methods, these observers established the fact that if one estimates 
the absorbing powei of the entiie small intestine for this vitamin, from the figures 
obtained in their experiments (foi a 45 cm segment over one hour) it is obvious 
that 20 to 40 Gm can be taken up within twenty-four houi s They remark that no 
exact data aie available on the rapidity of the flow that would be necessary to pre- 
vent the minimal required uptake of ascorbic acid fi oin intestinal contents containing 
an aveiage concentration of the substance, but it seems probable that a diarrhea 
capable of producing scurvy would have to be of gieat intensity The importance 
of tissue leserves of ascorbic acid in the healing of wounds is discussed by Lund,^®'^ 
with particular reference to gastrointestinal surgeiy A total of forty-eight gastric 
operations \\ ere done on 43 patients. Few showed evidence of ascorbic acid satura- 
tion before treatment Few had had a normal intake or plasma level of ascorbic 
acid, a normal concentration of ascorbic acid in the white blood cells or a normal 
leserve In a few, the ascorbic acid reser^e was so low that the condition could 
almost be called scuivy The greatest number had fiom 20 to 50 per cent of the 
normal leserve When noniadical operations w'ere performed, there were more 
complications and deaths in patients with low' ascoibic reserves than in those with 
high Although the conclusibns are based on inadequate statistical data, there 
can be little doubt that the emphasis placed by Lund on adequate immediate pre- 
operative and postoperative vitamin therapy is important, with particular reference 
to wound healing and tissue repair 

Papillary atrophy of the tongue has been commonly recognized for a long time 
as resulting from dietary deficiencj That the occurience of oral leukoplakia 
can be attributed to similar factors is less commonl) accepted The study of Abels 
and his associates is therefore of interest Fifty patients wnth lesions of leuko- 
plakia of the mouth were examined carefully from the point of view of dietarj' 
deficiency, and subsequent therapy with brewers’ )'east was instituted There wa"? 
an occasional complete remission of the leukoplakia lesions in patients thus treated, 
which suggested that a relationship between such lesions and inadequate intake of 
certain dietary factors present in )'east is an important one The oral lesions were 
found, as might have been expected, in varying conditions involving the gastio- 
mtestinal tract and the liver 

Ammo Acids — ^An important consideiation in the tieatment of disease of the 
digestive tract is the maintenance or restoration of nitrogen equilibrium The most 
important contribution has been the use of ammo acid preparations by various 
routes Elman, in particular, by his pieparations of hydrolyzed casein, has made 
such therapeutic measures feasible In his earlier w oi k he and his associates 
demonstrated the safety with which dextiose solutions containing a mixture of ammo 
acids can be administered to human patients in amounts averaging from 8 to 12 Gm 
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of the ammo acids per hour In a recent article he presents a brief and prelimi- 
nary report concerning the use of hydrolyzed casein orally or by enterostomy tube 
for a variety of surgical patients The observations were divided into three groups 
In the first group, patients were studied in whom whole protein by mouth seepied 
to be inadequately digested, presumably because of nutritional edema of the gastro- 
intestinal tract Hypoprotememia was severe in all these patients, and external 
edema was often visible Persistent diarrhea indicated clearly the failure of normal 
digestion and absorption A second group consisted of patients who could be fed 
only through a tube emptying directly into the jejunum Finally, a third group 
of patients was studied, by whom especially large amounts of protein nourishment 
were needed in order to correct nutritional deficiency as rapidly as possible The 
lesults of this study showed that absorption and utilization occur under circum- 
stances in which whole protein is ineffective The use of the hydrolyzed casein 
seemed to permit the assimilation of much laiger daily amounts of protein nourish- 
ment than is possible when the whole protein is given Besides the surgical 
patients already mentioned, the author believes that other patients would probabl) 
also be benefited by this treatment, such as those with hypermobility of the gastro- 
intestinal tract due to many other conditions and those with pancreatic or other 
enzymic deficiency, in which protein is not normally digested and absorbed 

The value of parenteral nitrogen nutrition by means of casein digest was studied 
by Brunschwig, Clark, and Corbin Determinations 'of nitrogen balance in 41 
patients subjected to a variety of major surgical procedures revealed a net loss of 
nitrogen for the first 10 day period which varied widely, from 3 8 Gm to 175 8 Gm , 
in 36 patients This loss of nitrogen was obviously due to the restricted ingestion of 
food combined with the physiologic disturbances accompanying a major surgical 
operation The intravenous administration of casein digest m proper proportion 
with dextrose is effective in reducing or even preventing postoperative net loss of 
nitrogen and, as is now becoming generally recognized, constitutes a most important 
postoperative therapeutic measure 

As pointed out by Shohl',^^® great progress has been made in the treatment of 
acute gastrointestinal disturbances m infants in the last few decades, but an 
unsolved problem is the provision of adequate amounts of nitrogen essential for 
normal nutrition Twenty infants too ill for outpatient treatment were treated 
by intravenous or oral administration of casein hydrolysate The infants were 
suffering from prolonged vomiting or diarrhea and fever, which led to dehydration 
and sometimes acidosis of a grade requiring parenteral fluid therapy and with- 
holding of fluid by mouth They varied in age from 2 weeks to 8 months These 
infants were able to retain nitrogen when given in adequate amounts in the form 
of casein hydro!) sate, either intravenously or orally or both Positive nitrogen 
balances were obtained when the nitrogen intake was 0 35 Gm per kilogram of body 
weight per day Retentions of nitrogen were greater when intakes were greater, 
and were as laige as those reported for well infants 

The minimum maintenance requirement of an enzymic casein hydrolysate was 
studied by Muellei , Fickas and Cox In general, the published work along this 
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line has indicated that the adult maintenance leqinrement of protein is between 
0 5 and 0 7 Gm pei kilogram of bod}' weiglit The aiithois’ evpenments weic 
earned out on 4 noimal, active, healthy men The studies of nitrogen balance 
on .these subjects showed that the minimum lequircmcnt of an en/jmic casein 
Indrolysate for maintenance is betueen 04 and 0 7 Gm per kilogram of bod\ 
weight, which indicates its approximate cqnn'alence with intact protein foi 
maintenance Laigei quantities of ammo acids are obviously lequircd in the face 
of additional needs foi protein, such as are encountered in vaiious medical and 
surgical conditions To badly depleted patients Landesman and Weinstein ■‘’- 
admimstered as much as 50 to 100 Gm dail} b} the intravenous route, \\ith added 
sodium chloride, vitamins and dcxtiose in sufficient amounts to bring the caloric 
intake to between 1,200 and 2,000 caloiies Such solutions \\erc admmisteied 
slowly, 2 to 4 cc per minute, and the only reaction causing concern was the 
occasional development of phlebitis 

That the solutions maj' be administered at a much gi eater rate of speed without 
untow'ard lesults is indicated in a report of Gardner and Trent These authors 
gave a htei of 3 pei cent ammo acid solution intravenously in an a\erage injection 
time of tw'enty minutes Two such injections were gi\en dail} to adults and 
included dextrose, i itamms and sodium chloride m addition to the amino acids 

AUogy — The permeability of the gastrointestinal mucosa to allergens is wortln 
of ciitical and intensne stud^ One such study has been made by Hartley,^^'* who 
tested the permeability of the gasti omtcstinal mucosa of guinea pigs to crystalline 
egg albumin All of 21 animals given a single feeding of cijstalline egg albumin 
acquired cii dilating antibodies to approximately the same aveiage titer as aftei 
paienteial injection of the same material An important percentage of the animals 
show'ed signs of anaphylaxis after subsequent feedings of the antibodies Cuiiously. 
the incidence of anaphylactic shock w'as higher m scorbutic animals than m those 
fed supplements of vitamin C The possibility that ingested egg albumin might be 
localized by the antibodies m the gastrointestinal mucosa, and thus prevented from 
leaching the general antibodj -forming organs, is discussed 

Alimentary idios) nci asies inaj lead to any one of the different manifestations 
of the allergic reaction Hanhart has made a thorough study of familial histones 
in selected cases He cites the example of a famil}'- m wdnch all members for three 
generations reacted w ith violent vomiting to a single, but different, article of food 
On the othei hand, exclusive ahmentaiy idiosynci asies limited to one food inaj be 
encounteied m various geneiations of a family wnthout giving use to definite t\pcs 
of reactions The symptoms caused by alimentary idiosynciasy, he behe^es, aie 
observed m the alimentary tiact (enteral allergy), usually as secretory or motoi 
disturbances Genuine pathologic change in the tissues, such as ulceiation, is rareh 
found m cases of enteial alleig}' 

That alleigic disoiders may simulate acute abdominal conditions is illustrated bj' 
Derbes and Bruno,^^® w'ho desciibe attacks of serious abdominal pain wnth gen- 
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eralized abdominal rigidity and fever following injections of antitoxin In 1 instance 
it was not until twelve hours later that an urticarial lash associated with severe 
itching appeared and clarified the diagnosis 

The association of gastrointestinal allergy with the celiac syndrome has been 
studied by McKhann and his associates'*^' These authors have noted in recent 
studies that there may be an associated gastrointestinal allerg}'’ in ceitam cases of 
celiac disease Whether the allergic disturbances ai e secondary to changes m absorp- 
tion dependent on the celiac syndrome or whether the sensitization to food precedes 
and IS responsible for the symptoms of celiac disease is not clear The added 
observation that absorption from the gastrointestinal tract of a fat-soluble substance 
(vitamin A) may be impaired under conditions known to be due to allergy but in 
which gastrointestinal symptoms are minimal suggests that degrees of impairment 
of absoiption may occur on an allergic basis and that gastrointestinal allergy may 
bear a causal relationship to the celiac syndrome 

One of the dangers of dietary limitation based on allergic disturbances is bi ought 
out in a report by Reed and his associates A case is reported m detail of a patient 
with a histoiy of severe, acquired food allergy beginning at the age of 32 Dietary 
eliminations led to the sulisidence of all symptoms and to fan ly good health for nine 
years, at the end of which time an extreme nutritional enteritis was found in associa- 
tion with deficiency of vitamins, especially of Vitamin B, 

Miscellaneous Gash omteshnal Conditions — Because of its lanty, instances of 
intestinal hpodystiophy (Whipple’s disease) are worthy of mention Two cases are 
repoited by Pearse and by Apperly and Copley The disease is chaiactenzed 
anatomically by deposits of fat and fatty acids m the intestinal and mesenteric 
lymphatic tissues The majority of patients complain of early postprandial dis- 
comfort and gaseous distention and have a history of polyarthritis Later there is 
diarrhea or steatorihea, often with blood, with severe wasting and loss of weight 
Roentgenograms of the gastiomtestinal tract are not diagnostic At autopsy the 
intestinal mucosa is seen to 1)e largely replaced by “foam” cells, with added gross 
enlargement of the mesenteric lymph nodes by similar cellular infiltration There 
IS no interference wnth fat splitting, as determined by studies of the stools Pearse 
presents data which suggest that the abnormal digestion of fat present m the disease 
IS due to a fault in bile salt metabolism This view w'as strengthened by the clinical 
response of his patient to administration of bile salts 

Abdominal emeigencies secondary to vascular disease within the peritoneal 
cavity frequently offer diagnostic difficulties A review' of the literature on mesen- 
teric vascular occlusion is theiefore of interest This is presented by Giamanno 
and Jaffe,‘‘=i w'ho offei a classification based on arteiial and venous lesions, the 
formei being due to embolism oi thiombosis and the latter almost always due to 
thrombosis, usually associated with infection in the abdominal organs wdiich arc 
tributary to the portal Aein Tlie article gives no new information, but presents 
the material in an oiderh and sequential manner 
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Unusual vascular diseases within the abdomen are discussed by Kimball and 
his associates Forty cases, including instances of aneurysm of the abdominal 
aorta (atherosclerotic, dissecting and syphilitic), aneurysm of the splenic artery and 
occlusion of the aorta, the superior and inferior mesenteric arteries, the splenic and 
left gastric arteries, the inferior vena cava and the iliac, portal and splenic veins, 
are of extreme interest Periarteritis nodosa and malignant hypertension are also 
discussed All of the patients presented symptoms and signs pointing to intra- 
abdominal disease and for this leason are of particular interest to the clinician 

A rare case of severe gastrointestinal hemorrhage is that reported by Gordon- 
Tayloi After several shaip attacks of hematemesis, his patient was operated 
on with a preoperative diagnosis of perforated peptic ulcer At operation the livei, 
gallbladder and pylorus were found to be bound together in a pulsating mass An 
aneurysm m the hepatic arterial system was suspected Autopsy revealed such 
an aneury^sm, at the junction of the cystic arter\ and the bifurcation of the 
hepatic alter}' 

Therapeutic damage to the lower part of the intestinal tiact is well recognized 
as caused by various measures, the most important of which is irradiation of the 
uterus and adnexa An important contribution to this subject is provided by 
Aldridge,^-^ who studied the end-results of irradiation m 189 cases of cancer of the 
corpus and cervix of the uterus In 16'9 per cent of the entiie number, or 1 of every 
6, some type of pioved injury to the intestine developed This w'as moie frequently 
encountered after iriadiation foi cancer of the cervix than after that for cancer 
of the body of the uterus Wigby offers adequate confirmation of these figures 
m his repoit on 77 patients given radiation treatment for cancer of the ceiw'ix 
Fifty-five per cent of this series had intestinal reactions varying from slight diarrhea 
to formation of stricture The leaction w'as severe enough m 6 cases to demand 
colostomy The desciiption of an autopsy is included m his article, in which the 
evidence suggested that fibrosis sufficient to obstiuct the ureters may occur as a 
result of radiation treatment In patients suffering from second and third degree 
reactions occasional bleeding from the rectum may never entirely disappear Svien 
and Dixon report an enterovaginal fistula resulting fi om heav} intravaginal 
irradiation by radium 

Although not commonly encountered, serious lectal nutation may possibly occui 
after the rectal administration of tnbromoethanol (avertin) Maloney inves- 
tigated the results of the rectal administration of solution of tnbromoethanol (in 
amylene hydrate) in rabbits and noted that delayed death of these animals was 
caused by rectal inflammation, ulceration and sometimes perforation 

New or unusual diagnostic proceduies aie w'orthy of brief comment, if foi no 
other reason than to excite interest in the value of any given maneuver Good- 
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man presents a preliminary report on an improved method of measui ing the 
potential difference across the human gastric membrane and its clinical significance 
The apparatus used for the determination of the potential is fairly elaborate, and m 
the method the electrode system makes no direct contact with the skin or stomach 
A standard test was evolved, using the potential difference response to milk as the 
central control measurement While no conclusive deductions were reached, the 
method appears useful, to the author’s mind, m differentiating gastric ulcers from 
other gastric lesions, particularly early lesions There can be little doubt that any 
measui e calculated to increase the possibility of early diagnosis of gastric cancer is 
worthy of consideration, but one must be rather skeptical that such a method would 
prove superior to careful roentgenography and gastroscopy in suspected cases 

Yodice describes a maneuver which serves to establish the differential diag- 
nosis between muscular contraction from peritoneal reactions and that due to other 
causes The patient is placed in the dorsal decubital position, with the thighs 
abducted and flexed to 90 degrees The index and middle fingers are introduced 
into the rectum when with the left hand the abdomen is palpated at the site of the 
muscular contraction If at the moment the anal sphincter is dilated the muscular 
contraction of the abdomen does not disappeai , it may be concluded that the rigidity 
IS due to peritoneal irritation If the muscular spasm disappears with this maneuver, 
the author believes that the contraction is due to pain of a colicky type, for which 
an emergency surgical pi ocedure is not required He believes that it helps to estab- 
lish a differential diagnosis in cases of severe voluntary spasm, “phantom” tumor 
and the like 

A possible means of learning peritoneoscopy without gaming experience on living 
subjects IS suggested by Chaffee,^®° who performed this maneuvei on 100 bodies 
within an average time of eight hours aftei death Adequate observations weie 
possible and revealed the type of information to be gained as well as the limitations 
of pel itoneoscopy The author’s suggestion that such a procedure be utilized as a 
means of acquiring facility in the use of the peritoneoscope seems reasonable The 
results of the examinations made are of some interest, inasmuch as intra-abdominal 
pathologic conditions were correctly diagnosed 90 times 

Advances in roentgenologic technic and comments on all impoitant contributions 
to the lecent literature on this subject are beyond the scope of this aiticle A com- 
plete clinical and roentgenologic review for the year has been prepared by Feld- 
man with particular reference to diseases of the digestive tiact, one hundied and 
eighty-three references are included In addition to articles already cited in the 
preceding pages, two articles are chosen for comment One by Johnstone is of 
interest He attempts to differentiate between a true pyloric stenosis and pyloric 
spasm by roentgenologic observation With the patient in the supine position and 
the left side slightly raised, and with a kilovoltage slightly lower than that normally 
employed foi examinations following barium sulfate meals, a shadow representing 
the thickness of the gastiic vail along the greater cun^ature can be defined m all 
cases of hypertrophy If the soft tissue shadov s measure over 4 mm , hypertrophy 
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should be considei ed likely , if over 5 mm , it is cei tainly present In the differ- 
entiation between pyloric stenosis and pyloiic spasm, the author considers that the 
presence of a thick gastiic wall is ovei whelmingly in fa^or of tiuc stenosis If the 
issue IS between duodenal ulcer and pyloiic cancer causing obstruction, the thick 
gastric wall favois the benign lesion Such observations are extremely important 
if confiimed by othei investigators 

A point of medicolegal importance is that pi esented bj Dillon The pi esence 
of air m the digestive tiact of a newborn infant can serve as proof of extrautenne 
lespnation and hence as proof that the infant ^^as born alive The roentgen exam- 
ination of a stillborn fetus at any time m its uterine life nevei reveals any traces 
of air in the digestive tract Coriectly made i oentgenograms of dead fetuses that 
had been bieathing, even for a very short time, always disclose the presence of air 
in the stomach oi intestine and constitute evidence that the author thinks is incon- 
trovertible as a test of extiauterme life If this is true, it is of particular importance 
because the roentgenogram will have the value of a permanent document 

Specific Infections and Chcniotha apy — The increasing incidence of bacillar) 
dysentei y and the importance of tins specific infection is becoming rapidl) apparent 
The significance of this disease is apparent when one considers the aggiegation of 
great numbeis of men in mihtarv centers and in various communities Silverman 
and Friediichs indicate the wide distribution m this countiy and suggest that it 
has become endemic in many states m the union, northern as well as southern 
Possible complications, sucli as arthiitis and myocarditis, are discussed in detail 

The wartime diarrheas are considered in full b) Manson-Bahr,’®® who gives a 
detailed description of the various forms of bacterial d) sentery and amebic d) senter) , 
with notes on incidence, epidemic infestations and treatment, based on his wide 
experience m the tropics 

A carefully prepared stud) of a lural epidemic of Shiga d) sentery is given b) 
Caudill and his associates,^’’” \\ ith a mortality rate of 10 3 per cent This report 
of a small epidemic is presented in such a wa) as to illustrate the modes of contact 
and spiead and the pieventive measures indicated 

The persistence of dysentery infection and the de\ elopment of chronic dysenter) 
due to Shiga and Flexner infection in the northern part of the world is reported by 
Neyman on the basis of careful studies of 751 patients He stresses the necessit) 
for careful bacteriologic examination of feces, and in discussing the transition from 
acute dysentery to the chronic form he lists the nature and course of the acute 
process, the patient’s constitution and any chronic gastrointestinal disease preceding 
the acute dysentery as factois concerned m such transition 

The experience with infectious diarrhea m an Australian hospital m the Middle 
East is described by Hone and his associates Some 300 patients were seen, and 
although Shigella was encountered in only 13 cases and the disease was lelatively 
mild with no fatalities, the average stay in the hospital was one month Such a 
precautionary measure was taken piimaiily to detect cairiers, if possible, and to 
piovide complete convalescence 
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The natuie of the intestinal lesion m bacillaiy dysenteiy in its eailiest stages 
was studied by Fenner and Bernheim Following the intravenous administration 
of Shiga toxin, the authors noted general changes in the blood and local lesions in 
the bowel There weie lapid development of hemoconcentration and gieat diminu- 
tion in blood volume (as much as 30 per cent), with an accompanying circulatory 
state as a result of which there occurred a compensatory vasoconstriction in the 
duodenum of the dog and the cecum of the rabbit The toxin had no direct effect 
on the intestinal mucosa when brought into contact therewith, but its absorption 
through the mucosa led to the appearance of a lesion in the duodenum of the dog 
which the authors believe was the end result of a prolonged and pronounced 
homeostatic vasoconsti iction 

Brule observed disturbances in the sodium and potassium metabolism in 
severe bacillary dysentery and noted that the ratios of sodium to chlorine and of 
sodium to potassium in the urine are considerably reduced during the acute stages 
of the disease He was unable to determine why in ceitain cases chlorine appears 
to be eliminated in the urine in combination with potassium but not with sodium 
This phenomenon is observed in patients with extreme loss of muscular power 
Brule assumes as a working hypothesis that m certain cachexias potassium is no 
longer fixed normally in the tissues and muscles and thus is excreted m excess m the 
urine, whereas the amount of sodium diminishes 

A certain measure of the seriousness of the disease, or of any acute oi chronic 
gastroenteritis, is reflected in the excretion of creatine m the urine, large amounts 
being found m patients showing extreme wasting, as shown by Schneider 

A complete resume of the bacteriologic, epidemiologic, immunologic and chemo- 
therapeutic aspects of bacillary dysentery is to be found in a pair of articles by 
Neter^*^ He discusses infections by the Shiga, Flexner, Sonne, Schmitz and 
Newcastle varieties of the dysentery bacillus, with particular attention to stool 
culture, bacteriophage and serologic study He gives the mortality of the disease 
in this country as about 5 per cent The carrier problem is discussed from the 
point of view of diagnosis and treatment He agrees with other authors in the belief 
that chemotherapy seems to be preferable to serum therapy, a conclusion that by 
now is rather generally accepted The value of bacteriophage therapy is discussed, 
but largely on the basis of reports from the literature 

By now it is well established that at least as far as certain strains are concerned 
the use of sulfonamide compounds is of real value m the treatment of the various 
types of bacillary dysentery That some strains of Shigella are more resistant to 
sulfonamide compounds than others is indicated in a report by Cooper and Keller,'*'*^ 
who point out individual differences, for example, in the reaction to sulfapyrazme 
and sulfacetamide, on the basis of in vitio experiments 

A well observed and well controlled epidemic of Sonne dysentery is reported by 
Yannet and his associates Of the 44 patients with clinical dysentery, 17 were 
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treated routinely, and 27 were given sulfathiazole in addition to routine treatment 
The use of the drug was associated with a more rapid clinical recovery than was 
noted in the control gioup Howevei, in the group given sulfathiazole there was 
a significant prolongation of the time required before the rectal cultures became 
consistently negative, and there were relapses at varying intervals, a complication 
that did not occur in the control group These authors conclude that the routine 
use of sulfathiazole in institutional epidemics is not desirable In their cases 
positive cultuies reappeared as late as thiee weeks after the cessation of treatment 
They advise continued isolation for at least this period before negative stool 
cultures are considered significant 

The oral administration of sulfaguanidine daily for siv days to monkeys did 
not shorten the course of the disease produced in an isolated segment of the colon, 
presumably because of inadequate absorption of the drug Hardy and his asso- 
ciates^^® studied the possible value of sulfaguanidine in the control of Shigella 
dysenteriae infection among the inmates of a hospital for persons with mental 
disease Aftei five days of treatment ith the drug, the number of positive cultures 
and of infected persons was reduced by more than 50 per cent After three days 
of treatment, those infected on admission to the study were almost free of infection 
The dose of the drug was no less than 0 3 Gm per kilogram of body weight daily 
for at least four days 

In the British Air Force personnel in the Middle East, 60 patients with mild 
bacillary dysentery were treated by Paulley with saline laxatives, supplemented 
later with sulfaguanidine The average stay in the hospital w'as fourteen and 
six-tenths days For nearly 100 patients treated w'lth sulfaguanidine or sulfa- 
pyridine alone the average period in bed was between four and five days In an 
outbreak of severe Shiga dysentery, the average periods in bed were five and 
seven-tenths days for patients treated with sulfapyndine and eight days for patients 
treated with sulfaguanidine He stresses the point, made by others, that admin- 
istration of a sulfonamide compound should begin early in the acute phase, before 
the disease has spread or become chronic 

In a small selected garrison of the United States Army an undue prevalence 
of diarrhea was noted An investigation by Cornell and his associates showed 
that of 97 men 34 w'ere found to have positive cultures for Shigella paradysenteriae, 
Flexner and “W ” All were treated with sulfaguanidine (5 Gm doses three 
times a day for three days) A second course was given to all whose cultures did 
not become negative after the first course In the succeeding six months, five more 
surveys were made, no more positive cultures were found, and no more men were 
hospitalized from this unit because of diarrhea 

445 Dack, G M , and Hoskins, D Effect of Oral Administration of Sulfanilylguanidinc 
on Experimental Bacillary Dysentery in Isolated Loops of Colon of Macaca Mulatta and Its 
Effect When Introduced into the Loops, J Infect Dis 72 11, 1943 

446 Hardy, A V , Watt, J , and DeCapito, T M Studies of Acute Diarrheal Diseases 
VI New Procedures m Bactenologic Diagnosis, Pub Health Rep 57 521, 1942 AVatt, J , 
Hardy, A V , and DeCapito, T Studies of Acute Diarrheal Diseases VII Carriers of 
Shigella Dysenteriae, ibid 57 524, 1942 Hardy, A V , Watt, J , Peterson, J , and Schlosser, E 
Studies of Acute Diarrheal Diseases VIII Sulfaguanidine in Control of Shigella Djsenteriae 
Infections, ibid 57 529, 1942 

,447 Paulley, J W Treatment of Bacillary Dysentery in the Middle East, Lancet 2 592, 
1942 

448 Cornell, V H , Watt, J , and Dammin, G J Sulfaguanidine in the Control of Shigella 
Paradysenteriae Infections in Troops, Mil Surgeon 92 253, 1943 



JONES— -GASTROENTEROLOGY 


187 


Among 77 patients with bacillary dysentery selected for treatment in a general 
hospital in the Middle East by Brewer/"® complete cure was obtained following 
the use of sulfaguanidine in 73 per cent of those with the acute form and in 55 pel 
cent of those with the chronic form Toxic symptoms occurred in only 9 of 51 
patients with chronic dysentery, and there were none m those with acute dysentery 
A report on bacillary dysentery m the Middle East by Fairley and Boyd empha- 
sizes the mildness of the dysentery that was encountered, even with Shiga 
infections The general mortality rate has been low and the incidence much less 
than in the last war Nevertheless, bacillary dysentery continues to cause great 
wastage in man power, especially as the period of hospitalization averages three 
or four weeks Shiga dysentery accounted for about 10 per cent of all cases seen in 
the Middle East, and the most common organism was Shigella Flexner II 

One approach to the carrier problem was by careful sigmoidoscopic examina- 
tions In certain cases of chronic Shiga dysentery, ulcers surrounded by normal- 
looking mucous membrane were found to contain Shiga bacilli six months after 
the original attack From a military point of view, any person who had colicky 
pain followed by fever and diarrhea with loose stools containing flakes of mucus or 
mucus and blood was regarded at once as having bacillary dysentery and sent away 
without delay Although most of the attacks were mild, death occurred in thirty- 
two hours in 1 instance at least As already mentioned, serum treatment was 
disappointing It relieved toxic features, but its benefit was rarely more than 
temporary Sulfaguanidine was used m more than 500 cases, care being taken to 
combat dehydration Except for a few instances of headache, nausea or i ash, there 
were no toxic reactions to the drug Sulfasuxidme and sulfamethazine were being 
used experimentally 

The effect of adequate treatment with sulfaguanidine, with comparison with 
control cases, is reported on by Opper and Hale,"®" who describe two outbreaks 
of bacillary dysentery, one in 1939-1940 and the other in 1941-1942 In the first 
outbreak, no chemotherapy was employed, and in this group over half the patients 
maintained their mfectivity for one month or longer In the second outbreak, nearly 
90 per cent of the patients involved had negative stool cultures for the dysentery 
bacillus for an average period of one hundred and five days following the admin- 
istration of sulfaguanidine The appearance of Shigella of Flexner in the stools 
of 4 patients after a first course of tieatment indicated the necessity for continued 
laboratory examinations 

Poth and his collaborators have continued their work on succmylsulfathiazole 
(sulfasuxidme), with particular attention to bacillary dysentery Ten patients for 
whom the diagnosis was confirmed bactenologically were given full doses of sulfa- 
suxidme The length of treatment varied from two to seventeen days There 
were no failures and no deaths The authors consider it especially significant that 
the lesponse to this drug was immediate although the disease had been present 
for as long as thiee months before tieatment had been undertaken Smyth and 
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his associates,^®'’ on the basis of contiol observations in an institution where there 
was an epidemic of bacillaiy dysentery, conclude that sulfasuxidine was as effectnc 
as sulfaguanidine as a therapeutic agent and preferable because of the lack of 
untoward leactions They have observed that doses twice the amount ordinarilj 
employed (0 25 Gm per kilogiam of body weight) could be administered safely, 
and they suggest that twice the amount of the oiiginal dose be given if fevei and 
dianhea aie not conti oiled after thiee days of tlieiap} with smaller doses 

The use of bacteiiophage in the tieatment of bacillary djsentery receives com- 
ment from various investigators Compton, like Russian obseivers, belie\es 
that bacteiiophage therapj is effective and ^aluable This conclusion is based on a 
statistical examination of morlalit}' rates lesultmg fiom bacillaiy dysentery in 
Alexandiia A moie leceiit Russian icpoit, b) Yeimoleva,*®® records the favorable 
results associated with the use of small amounts of sulfapj ndme during bacteii- 
ophage treatment It is quite possible that the moie recent iiitensne use of sulfon- 
amide del natives will e\entually be adopted on the basis of reports like the 
pieceding ones 

Commenting on expeiiences in two outbreaks of d\scnter 3 ’ in aini} camps in 
Germany, Dotzei and Schulici also comment on the Aalue of bacteriophage 
iheiapy for persons infected b}' Shigella of Flcxnei Rivanol proved effective 
m treatment of bacillus cariieis A possible point of importance was noted in the 
impression of these authois that icsistance to the organisms was influenced bj an 
adequate vitamin content of the food and that this factor was probably of gieat 
importance m a fa^orable outcome This report is of interest as recording an 
excellent epidemiologic study m an army camp 

Gatewood, ‘‘®' m commenting on the tieatment of intestinal disorders in militai) 
forces, discusses the various forms of therapj and stresses one point which is 
nnpoitant, because of the vaiiety of the drugs used in the treatment of various 
forms of disease to wdiich soldiers may be exposed He insists emphatically on the 
necessity foi careful and accurate lecordmg of all medication given, wdnch record 
should ahvays go with the patient when he is tiansfcrrcd from one hospital 
to another 

The prophylactic use of sulfaguanidine has been mentioned before but deserves 
comment Scott discusses the handling of an incipient epidemic of Sonne 
dysentery' in a school for mentally defective childicn After 2 cases had developed 
and segregation and other methods of treatment had failed, the prophylactic use 
of sulfaguanidine was tried, being given to all well children and personnel m the 
building The epidemic w'as stopped abrupt!}' The dosage for each subject, adult 
or child, was 0 5 Gm thiee times a day by mouth No toxic signs w'eie noted 
Experimental evidence confirming the prophylactic value of sulfaguanidine therap) 
and possibly the use of other sulfonamide dei ivatives is available m several reports 
Bloomfield and Lew,‘®” in studying the problem of ulceiative cecitis of lats, noted 
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that the young of i ats winch received 0 5 pei cent sulfaguanidine in then food 
during pregnancy and lactation only occasionally acquired the disease, wheieas 
ihiee fouiths of the young of untieated motheis acquired it The young of treated 
mothers raised in the same cages with the young of untreated motheis had cecitis 
much moie frequently than if segiegated, but a high degree of resistance is still 
demonstrable In a maternity hospital in Edinbuigh, Scotland, Henderson noted 
the incidence of gastroenteritis m a total of 102 infants ovei a thiee yeai peiiod 
Fifty-two infants were matuie, and 52 were prematuie In the latter group, the 
incidence was veiy much highei For 72 untreated patients in the years 1940 
to 1942, the moitality rate was ovei 70 per cent Of 30 patients treated m 1942 
with sulfaguanidine, 90 pei cent recovered, and this rate would have been even 
better had "it not been for the fact that 19 of the 30 weie premature infants 

The possible value of calcium therapy foi bacillaiy dysentery was studied with 
particulai reference to childien and infants by Block and Tarnowski Appaiently 
complete healing and a reduction in moitality from 6 to 2 pei cent weie observed 
in the patients receiving calcium (gluconic acid salts) paienterally and orally The 
effects of calcium salts m reducing abnormal motor activity aie well known, but it 
IS dubious whethei such a theiapeutic procedure offers anything comparable to the 
results to be obtained by the use of one of the sulfonamide compounds 

In 1941, Tudor found sulfathiazole and sulfaguanidine satisfactory m the tieat- 
ment of infantile diarrhea, with sulfathiazole apparently more effective in the 
parenteial types (secondary to infection elsewhere, usually m the upper respiiatory 
tract) In the present ieport'“’“ the effects of sulfadiazine are compared with 
lesults obtained by one of its isomers, sulfapyiazme Both dings seemed to be 
equally effective 

Forty-six children suffering with infectious diarrhea weie treated by the use of 
sulfathiazole Rubens and his associates found that a diminution of stay m the 
hospital and more rapid relief of symptoms were obtained in those instances in 
which stool cultures were positive for Salmonella organisms 

Anothei example of the piophylactic value of sulfaguanidine therapy is found 
in a report by Lucchesi and Gildersleeve Forty -five patients intimately exposed 

m an outbreak of bacillary dysenteiy were given a prophylactic dose of the diug 
None of these patients contracted the disease 

The effect of therapy with sulfonamide compounds on the bacterial floia of the 
bowel has been studied by various investigators and has been previously repoited 
Coliform oiganisms are usually affected and aie diminished in number or disappeai 
from the intestinal flora, only to be replaced by other organisms of the gram-negative 
type As a complete intestinal antiseptic, therefore, the drugs still leave much to be 
desired, a point already noted by Poth and many others and demonstrated, for 
example, m a recent leport by Vieta and Stevenson in relation to sulfa- 
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guanidine The rather striking effect on cohform organisms following the use 
of succinylsulfathiazole, with particular reference to colonic surgery, has been 
stressed by Poth and Knotts 

A report corroborating previous studies as to the favorable effect ot sodium 
sulfanilylsulfanilate in cases of lymphogranuloma venereum is presented by Levy 
and his colleagues One hundred and eighteen patients were treated, with dis- 
appearance of local symptoms, regeneration of mucosa and a diminution of edema 
and infiltration around the rectal strictures Prolonged administration is necessaiy^ 

A large number of papers are concerned with the intraperitoneal administration 
of one or another of the sulfonamide derivatives Their use in this fashion is now 
practiced widely in the treatment and prevention of infection, particularly of the 
peritoneal cavity Depending on the derivative used, the absorption from the 
peritoneal cavity varies Pearl and Rickies found in rats that sulfathiazole was 
more rapidly absorbed from an infected peritoneum than from a normal one 
Tashiro and his associates noted in rabbits that a maximum absorption of sulf- 
anilamide crystals took place in four hours but that an extremely high concentration 
was maintained intrapentoneally until the maximum blood concentration was 
reached In a patient with pneumococcic peritonitis, sulfathiazole administered 
orally and parenterally was found by Slobody and his associates to produce a 
good response The patient responded well clinically to the oral administration of 
the drug, but the peritoneal fluid became sterile only after intraperitoneal instilla- 
tion The possible dangers from mtrapentoneal sulfanilamide therapy should include 
the occurrence of hepatic damage Hudson and Smith report 1 patient with evi- 
dence of jaundice in a large group of patients given such treatment, although Jack- 
son and Coder previously had noted the frequency with which jaundice was 
associated with intraperitoneal injection of sulfanilamide in conjunction with oral 
administration of this drug The actual distribution of the drug in the peritoneal 
cavity and the coexistence of minor degrees of hepatic damage undoubtedly may 
act as conditioning factors in this complication 

Poth and Bravo Ferandez,"*"® on the basis of careful experiments on dogs, have 
demonstrated the effectiveness of intraperitoneal use of sulfathiazole and suggest that 
a suspension of the drug may be more suitable than the dry powder for intraperitoneal 
administration and that repeated injections may be advisable m cases of generalized 
peritonitis Ambrose and his associates are in accord with this view and believe 
that associated oral therapy is advisable 
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Walter and Cole,^^'^ on the basis of observations on a large number of dogs, 
conclude that sulfadiazine is superior to sulfanilamide in the prevention of infection 
of wounds following administration by the intrapentoneal route Their studies 
revealed a much more persistent blood level with sulfadiazine than with sulfanil- 
amide In cases of traumatic peritonitis, Gilchrist and his associates believe 
that intravenous administration of sodium sulfathiazole is more advantageous 
They state that fifteen minutes after its injection the effective sulfathiazole level 
in the peritoneum will approach that in the blood Therapeutic concentration in the 
peritoneal fluid, they say, will be maintained for four to six hours 

The necessity for care m the distribution of intrapentoneally applied sulfon- 
amide compounds is stressed by Crutcher and his associates In experiments on 
dogs the effect of sulfanilamide, sulfathiazole and sulfadiazine on the peritoneum 
was noted All the drugs may produce adhesions within the peritoneal cavity 
under certain conditions and are apt to become walled off as a foreign body and be 
absorbed slowly Sulfadiazine was absorbed more slowly than the other two drugs 
from the peritoneal cavity and produced greater local reactions The authors 
advocate the administration of the drugs in a suspension of sterile water or saline 
solution Laird and Stavern,^^® on the basis of animal experiments, have found 
that sodium sulfathiazole should not be used intrapentoneally because of seveie 
local reactions 

The possible beneficial effects of vaccines and irradiation in the prevention or 
treatment of peritonitis following operation is discussed by Dixon and his asso- 
ciates and by Rigos respectively Such methods are worthy of study, but, in 
view of the favorable results attendant on therapy with sulfonamide compounds, 
they presumably have less to offer 

Food poisoning is frequently due to staphylococci and fecal streptococci In 
studying the response of intestinal muscle of rabbits to the enterotoxm extracted 
from strains of staphylococci cultured from food known to have produced attacks 
of food poisoning, Richmond and Reed and their associates Shaughnessy and 
Michael found that the tonicity of smooth muscle was predominantly increased 
This increased tonicity may be comparable to clinical enterospasm, to which much 
of the gastrointestinal pain experienced in food poisoning may be attributed Their 
expeiiments confirm earlier ones showing that the enterotoxm need not be absorbed 
through the intestinal mucosa to produce its effect on the smooth muscle of the 
gastiointestinal tract The effect is probably that of a nonspecific irritant 
Streptococcus faecahs has been shown to possess great resistance to sulfonamide 
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compounds and to penicillin In vilio cxpciiments b) l^odaniche and Palmer 
showed that tyiothncin, a substance isolated by Dubos (1939), is highly bacterio- 
static and bacteiicidal against fecal streptococci, but ^\lth marked variations in 
different strains The oral admmistiation of tjiothricm to mice -was shown to 
produce inhibition of the growth of streptococci in the intestinal tiact Ihis was 
most readily demonstiatcd when sulfasuxidme was administered together with 
the tyrothncin 

Like other observers, Watt and Peterson w^ere able to demonstiate no 
therapeutic effect from sulfaguanidine in the treatment of patients with proved 
typhoid Little effect in vitro w’as found on Uphold organisms by Cooper and 
Kellei,'*®'* using sulfathia/ole and sulfaguanidine llesser suggests, on the basis 
of m vilio expel iments, that sodium phentctiolhalem m neutral ox bile solution is 
bactericidal for Eberthella typln in higher dilutions than is sodium lodophthalem 
Brow'nlee and Tonkin,*®'' also on the basis of in vitro experiments, believe that 
sulfanilylben/amide has definite deleterious effects against the typhoid bacillus 
Carle claims successful results for the treatment of paiahpboid carriers with 
sodium lodophthalem The article is not conclusive, but the method certainly 
warrants careful study Mice infected with strains of Eberthella typln in the 
VI phase w'ere almost completel} protected by the lntra^enous use of specific 
bacteriophage, as indicated in a report b} Ward It is to be earnestly hoped that 
some form of bacteriophage or chemotherap} may at length be found effective 
in the treatment of patients w'lth typhoid or of typhoid earners 

Perforation of tubeiculous ulcers of the intestinal tract is not particularly 
common An impression of its fiequcnc} may be gained from an article by 
Lamberti,^®“ w'ho describes 9 cases observed in a series of 258 cases of intestinal 
lesions On the basis of what seem to be careful clinical studies of 221 patients 
with pulmonary tuberculosis, Tchertkoff and Green belie\e that a diagnosis 
of intestinal tuberculosis may be made in spite of tbe absence of any other clinical 
sign or symptom in cases of pulmonaiy tuberculosis in wdiich there has been fever 
for more than twm months Such a conclusion is of extreme importance if borne 
out by subsequent clinical observations 
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An unusual type of infection is repoited by Thompson and Ins associates/®^ 
who desciibe a patient with lesions of blastomycosis only in the cecum Complete 
extnpation of the cecum and the terminal poition of the ileum apparently produced 
a cure The authois state that in this countiy the majority of cases of blastoni}- 
cosis have been repoited from the Chicago aiea 

Gast) ointeshnal Ptoblems Relating to the Wai — The effect of the war on the 
incidence and variety of gastrointestinal symptoms is becoming increasingly obvious 
Many of the ai tides already referred to have a direct bearing on the medical care 
of tioops or peisonnel engaged in war activities Civilians as well as persons in' 
mihtaiy service aie affected by the pressuie and stiain of wai conditions Gastro- 
intestinal disease among industrial workeis lanks second only to respiratory disease 
as the gieatest cause of absenteeism m industiy McGee and Greger report that 
neaily 20 per cent of the time lost by the employees of a large powder company 
was due to gasti ointestinal disease Eighty pei cent of the digestive disorders 
could be classified undei the heading of gasti ointestinal upset and colonic dysfunc- 
tion The incidence of gasti ointestinal disease and the distribution of persons 
suffering from an}’’ of its phases are thus a cause of increasing concern in the armed 
services of all countries Peptic ulcer, gasti itis and specific infections of the bowel 
constitute the vast majoiity of oiganic ailments encoiinteied in the alimentary tract, 
but an even laigei number of indeterminate gastrointestinal complaints due to 
distui bailees of function of digestion are presented and offer seiious diagnostic 
difficulties, paiticularly because of their psychologic aspects 

All authorities agree that the diagnosis of ulcei precludes the performance of 
active duty and justifies exclusion oi rejection, as the case may be, except in a 
small number of individual cases in which limited seivice foi particulai purposes 
is indicated 

Any of the factois lesponsible for the high incidence of dyspepsia with no 
demonstrable organic disease are obvious Psychologic disturbances, including 
boredom from a proti acted pei lod of training, the disposition of men to ai eas where 
recieation of the t}pe they aie accustomed to is not to be had or where they suffer 
anxiety about then families and the initation caused by their comparing their pay 
with the high wages of munitions workers, cannot be overlooked An excellent 
discussion of the dyspeptic soldier and his disposal is to be found m an article b} 
Hill,'*®® who leports his experiences with British troops 

In the Swiss army^®^ gastric tumois and recurrent gasti oduodenal ulcers 
constitute cause for rejection from active seivice, as do the severe forms of anacid, 
atrophic gasti itis lesistant to tieatment Knapp, ^®® in Switzerland, repoits that it is 
impossible to rendei a final decision legaiding fitness foi service of persons with 
various gastnc disoiders until adequate exclusion of serious disease has been made 
by 1 oentgenograph} — a conclusion about which theie can be no controveisy 
The importance of gastroscopy is stiessed by Gill,^®® as well as by many Ameii- 
can authois, and he analyzes the lesults of ovei 1,000 gastroscopic examinations 
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of persons m military service According to his studies, nearly half of 806 soldiers 
had gastritis, but this percentage is considered altogether too high by Edwards,^®' 
who found a much lower figure for the incidence of gastritis He cites 2 instances 
of serious gastutis in young sailors who had suffered great hardship on constant 
mine-sweeping patiols in the North Sea Such a finding is undoubtedly to be 
encountered in many instances among men engaged in work on small vessels m the 
North Atlantic, and may be a cause for serious disability 

The relation of gastric disease to military service needs classification This is 
pointed out by Palmer,'*’’® who stresses particularly the fact that ulcerative gastritis 
may be associated with an ulcer-hke distress or with massive hemorrhage or both 
Patients with this condition, for practical military purposes, should be included in 
the group with ulcers and should be treated accordingly 

The actual incidence of gastritis capable of producing symptoms in the armed 
forces of the United States is indicated m reports by Gold and McGlone The 
groups studied are too small to be conclusive but indicate the potential importance 
of gastroscopic findings 

Authorities agree that the majority of patients suffering from ulcer in the armed 
services on occasion had symptoms of ulcer prior to entering servuce Recent 
reports from certain fronts are beginning to suggest that the incidence of new 
ulcers in patients previously free from symptoms of ulcer may be increasing, but 
statistical data are not yet available Such a finding would not be surprising but 
would be of tremendous importance as indicating the causative influence of pro- 
longed stress and strain In the American services, duodenal ulcer predominates 
by a tremendous percentage over gastric ulcer Reports by Chamberlin,®’’^ Logan 
and Bransford and Flood ®‘”’ indicate that between 85 and 95 per cent of all 
patients with ulcer had duodenal lesions In the Surgeon General’s report, quoted 
by Flood, the incidence of gastric ulcer m the United States Na\ 7 ’ was 15 per cent, 
a figure identical to that reported in the Royal Navy by Wade 

Psychologie factors predisposing to ulcer are well recognized That these may 
be operative even in noncombat duty has already been emphasized and is again 
stressed by Dunn,®”® who states that the frequency of gastroduodenal disorders 
may be partly due to prolonged tension m men who have been mobilized for war 
but who have little opportunity for carrying off emotions in combatant activity 
Such a conception is borne out by Wade’s statement that in his comparison of men 
on active service in the Royal Navy with reserves and "hostihties-only” personnel, 
the ratio of men with dyspepsia m the two groups was found to be 1 to 3 7 
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The incidence of perfoi ation from ulcer has increased, as indicated by the figures 
presented by Riley In the Royal Victoria Infirmary in Newcastle, there were 
200 perforations in 1939, 222 in 1940 and 251 in 1941 The probable cause for 
the increase in perforated peptic ulcers in London is ascribed by Stewart and 
Winser to increased anxiety and tension Figures obtained from 1937 to 1940 
from sixteen London hospitals showed a statistically significant increase in perfora- 
tions during the first heavy air raids of the fall of 1940 Ninety-three per cent 
of the perforations were in men An interesting fact in this report is found in the 
statement that the peak incidence for the entire four year period was in persons 
fiom 50 to 60 years of age This figure is in sharp contrast to the peak incidence 
during the air raid period in 1940, when the largest number of persons affected 
were between the ages of 21 and 40 

One of the most interesting, as well as one of the most distressing, types of 
injury encountered in the present struggle is that known as immersion blast or 
hydraulic abdominal concussion The outstanding feature of this condition is 
forceful compression of the abdominal or thoracic organs produced in partially or 
completely submerged persons The explosion of a depth charge may give some 
manifestation in the air by blowing surface water up, but its chief effect is attained 
in the water within a radius of several hundred yards Damage occurs particularly 
to the lungs and the walls of certain intestinal loops It may be slight or severe, 
depending on the intensity and proximity of the blast waves The rupture of intes- 
tinal vessels produces ecchymosis and hematoma in the wall of the affected loops 
and subsequent ileus Perforation may occur, with resulting generalized peritonitis, 
abscess formation or intestinal gangrene Damage to the stomach or intestinal 
tract depends, among other factors, on the presence of air in the viscus Some 
protection can be obtained from kapok or from rubber coverings, such as are found 
in “Mae West” life-preservers Observers seem to agree that operation should not 
be performed except for recent and rapidly diagnosed perforation or strangulation 
In most instances treatment should be predominantly conservative and should be 
directed toward the prevention or treatment of shock A complete consideration 
of the condition is to be found in a symposium on immersion blast injuries 
by several contributors, which covers a discussion of the mechanism and pathologic 
features of the condition, the surgical aspects and the roentgenologic findings' Addi- 
tional articles contributing importantly to the same subject, including the experi- 
mental reproduction of such injuries, are presented by various authors (Auster and 
Willard®"®, Friedell and Ecklung®^®, Greaves and others Pinnock and 
Wood 

A most comprehensive article by Gordon-Taylor on the abdominal surgery 
of “total war” includes the results of two and one-half years of war experiences 
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in England Tins aiticle coveis abdomnitil nijinics suffered during “total wai” 
encounteied both in inilitaiy seivice and in civilian life Six hundred cases aie 
analyzed, and careful histones aie given illustiating abdominal injuries m preg- 
nancy and partuiition, injuues from glass and bomb fragments and bone fragments, 
tiauma due to nonpenetrating missiles and bayonet wounds The \alue of therapy 
with sulfonamide compounds is naturally cm])hasi/cd The author states that 
despite the giavity of the w'ounds and the fiequent association of multiple injuries, 
appi oximately 50 pei cent of the patients with abdominal injury for which operation 
was possible survived The percentage of recovery fiom injuries of the stomach, 
small intestine and rectum is much higher than that ohser\ed in the last war Ihe 
lecovery late fiom injury of the large bowel is about the same as in the preceding 
period The frequenej’ of acute dilatation of the stomach, in cases both of abdomi- 
nal injury and of damage to othei paits of the bod), has been impressive This 
phenomenon ma} occui as an immediate concomitant of the injury or may com- 
plicate the later histoij’’ of a laparotomy undertaken to repair abdominal wounds 

The importance of antiU phoid inoculation is dramalicalh presented in an article 
by Boyd on the basis of obser\ations among Italian prisoners taken in the 
Libyan campaign and of somewhat similar observations made on a large number 
of Biitish prisoners kept in Axis concentration camjis Tbe conclusion w'as reached 
that the lelatue immunit) to t} phoid enjojed by the British troops in captnity 
was attributable to the use of a potent vaccine Similai immunity was not enjojed 
by the Axis foices, who had a high endemic rate and among whom an outbreak of 
consideiable magnitude occurred despite inoculation with \accine of Italian manu- 
facture In one concentration camp of 24,000 Biitish prisoners, 12,000 cases of 
dysentery occurred because of almost impossible sanitarj conditions As far as 
could be learned, no case of Uphold was encountered m this large number of 
persons Among Italian troops pieMously inoculated and captured in Libya, a 
major outbieak occurred m 1940 The newly captuied men w'eie inoculated with 
British vaccine, and from that time on the incidence of typhoid was low until the 
influx from the El Alamein battle started in 1942 Roughly 1,200 cases occui red 
among Italian prisoners between 1941 and 1943, inclusive An unusual sequel of 
typhoid inoculation is recorded In Bowers and Shupe Immediatel} aftei each 
new increment of tioops w^as inoculated against Uphold in one United States Ainn 
camp, the authors noted that thei e w'as an influx of patients w ith acute appendicitis 
The time relationship betw'een the inoculation and the development of acute appen- 
dicitis was so striking that they investigated the situation and concluded that acute 
appendicitis on the basis of luminal obstruction b) swollen hmphoid tissues was 
not a rare sequela of typhoid inoculation 

One hazaid encountered by the Aimy during maneuvers in this country is that 
of bites fiom black widow”^ spideis One lepoit on tins is made b)' Haltei and 
KuzelU^® The differential diagnosis is especially important, since theie may be 
striking confusion beUveen tins condition and a surgical condition of the abdomen 
and peritonitis due to ruptured peptic ulcei oi acute appendicitis Another con- 
dition encountered by Army physicians is that of strain of the lectus muscle simu- 
lating acute appendicitis Bow'eis and Richard"®" report 8 cases of this disoidei 
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seen in a peiiod of six weeks at Camp Chaffee The presence of a mass ancl/oi 
ecchymosis and pain m the region of either lectus muscle is piesumptive evidence 
of strain until pioved otheiwise The mistaken diagnosis of acute appendicitis is 
frequent, because of pain m the lowei part of the abdomen, mild fevei and leuko- 
cytosis, mild nausea and lebound tenderness In the cases presented, the two most 
common causes were thought to be foicible flexion of the tiunk incurred while the 
patient was scaling a high wall and hypei extension of the tiunk due to a high 
jump into the an 

Miss Kate A Spencer and Miss Phoebe O Nichols gave valuable aid in the preparation 
of this article 
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TVTiotonias By Alfredo Lanan Pp 277 Buenos 
Aires Imprenta Ferrari Hnos, Bme, 1943 

In his introduction Lanan begs forbearance for the 
use of the single Avord “myotonias” as the title of his 
book, inasmuch as it gives the impression that the 
various diseases in which the symptom is prominent 
are nosologically related But he goes on to say that 
the AAork of other investigators and his own studies 
point in that direction He then discusses the histor}' 
of this symptom since the first description by Bell, in 
1832 In the analysis of the etiology he separates the 
hereditary from the acquired myotonias In the former 
the hereditary factor is an autosomic, dominant trait 
In myotonia acquisita hypothyroidism is extremely fre- 
quent, but he considers it only an exciting factor, for 
even after the myotonia disappears with treatment the 
response of the muscles to acetylcholine is the same as 
that m the hereditary forms Furthermore, the author 
discovered evidences of status dysraphicus in both his 
cases of the acquired form, a condition almost universal 
in his entire series He conclules that for the myotonias, 
as for Friedreich’s disease and syringomyelia, status 
dysraphicus constitutes a genotypical milieu 

Lanan reports and analyzes 14 cases in which the 
myotonic syndrome was presented, 6 of myotonia dys- 
trophica, 6 of Thomsen’s disease and 2 of acquired 
myotonia He agrees with the investigators (Batten, 
Gibbs and Steinert) who deny any relationship between 
myotonia d)’'strophica and pseudoliypertrophic dystrophy 
He calls attention to the suggestion of others that 
Thomsen’s disease is an incomplete form of myotonia 
dystrophica in which the muscular dystrophy has not 
vet appeared, but affirms that he has not been able to 
reach that conclusion from the study of his own cases 
He points out that the idiomuscular reaction is the 
characteristic of myotonia, while myoedema is only in- 
cidental and may be due to coincidental factors (i e , 
hypothyroidism in hypertrophia musculorum vera) 
From the study of the electromyograms and the action 
of drugs, such as prostigmine, acetylcholine and epi- 
nephrine, injected into the artery with the circulation 
cut off, Lanan concludes that myotonia is determined 
m the muscle itself But he does not deny the possi- 
bility that there may be an underlying lesion' in some 
part of the nervous system, perhaps the diencephalon 

E\erj' phase of the syndrome is carefully presented, 
and an attempt is made to cover any debatable point 
in the etiology, pathology and semeiology The chapter 


on treatment is up-to-date and conservative The book 
IS written in concise Spanish and is well illustrated 
In the opinion of the reviewer it is a fine addition to 
the literature on the subject The bibliography is ample 

Frontiers in Cytochemistry The Physical and 
Chemical Organization of the Cytoplasm Editedi 
by Normand L Hoerr Price S3 SO Pp 334, with 
portrait and 98 figures Lancaster, Pa Jaques 
Cattell Press, 1943 

This book consists of a series of fourteen articles 
which lepresent, in expanded form, papers contributed 
to a sjmposium that w’as held at the University of 
Chicago on Nov 13, 1942, m honor of the seventy-fifth 
birthday of Prof R R Bensley The general subject 
IS the cliemical structure of cytoplasm, wdiich is seen to 
present a variety of interesting aspects, both theoretic 
and practical Among the former are the isolation of 
mitochondria for analysis, the study of protoplasmic 
fibrils by means of the electron microscope and the use 
of the ultracentrifuge and of electrocataphoresis in fresh 
discoveries of substances that he in the twilight zone 
between living and dead material Among the practical 
aspects are carcinogenesis in epitiielium and chroma- 
tolysis m motoneurons The series is introduced bj a 
foreword by Hoerr and an appreciation by Cowdrj and 
closes with a review of the chemistry of cytoplasm bA 
Professor Bensley It makes an attractiA'e volume for 
the medical reader interested in biology 

Afecciones del endocardio Contribucion al es- 
tudio anatomo climco de las affectiones del 
endocardio Theses by Dr Manuel Perea Munoz 
Paper Pp 363 Buenos Aires, Argentina Uni- 
versidad Nacional, 1942 

This Avork is the result of painstaking study and re- 
search on the part of the author The material A\as 
obtained from 1,000 autopsies, 206 of Avhich reA^ealcd 
endocardial disease There are many photographs of 
specimens and of histologic sections throughout the 
book, serving to illustrate and emphasize concepts 
brought out by the author A fairly successful attempt, 
has been made to classify and to discuss all diseases ot 
the endocardium from the point of Aueiv of etiology and 
pathologic anatomv The bibliography is extensive and 
complete, covering the literature on the subject in dit- 
ferent languages 
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TRANSFUSION REACTIONS CAUSED BY ACQUIRED INTRAGROUP 

INCOMPATIBILITIES 

CAPTAIN GUY DARRELL AYER Jr and CAPTAIN WALTER FRED KAMMER 

MFDIC \I CORPS, ARM\ OF THE UNITED STATES 


Routine gioupmg and cross matching of blood 
of donors and of recipients ^ enable the labora- 
tor}^ to supply compatible blood for most trans- 
fusions However, blood that is satisfactory by 
the usual technic may produce serious, even fatal, 
heiT^^Iytic reactions in patients receiving repeated 
t) ansfusions “ It has been shown that such in- 
ti agroup incompatibilities are produced by im- 
mune isoagglutinins that develop in the recipient 
The agglutinogen present in the blood of the 
donois is usually the Rh factor, although othei 
factois occasionally may be responsible Irre- 
spective of the factor involved, the intragroup 
ti ansfusion reactions m male patients are similar 
m that they occur after repeated transfusions 

Repeated transfusions are frequently indicated 
m the treatment of certain types of patients who 
are transferred finally to Army general hospitals 
Therefore, it seems likely that it will be in such 
institutions that the problem of acquired intra- 
group incompatibilities will be met most often 
Fiom Nov 8, 1941 to Aug 31, 1942 there were 
2 severe and 25 mild reactions to transfusion at 
the O’Reilly General Hospital During this 
period, 231 transfusions were given to a total of 
46 patients Fourteen of these patients received 
fiom 5 to 28 transfusions for a total of 177 Seven 
of the 14 had no reaction The other 7 suffered 
26 of the 27 reactions There were 16 pyrogenic 
leactions (3 major and 13 minor), 7 allergic 
1 eactions manifested by mild urticaria, 2 reactions 
consisting of transient precordial pain and 2 
hemolytic reactions The 2 hemolytic reactions 
occurred m the same patient after his twenty- 
seventh and twenty-eighth transfusions and were 
the result of acquired inti agroup incompatibility, 
m which the agglutinogen was the Rh factor 
Vfter the experience with this case, the inade- 

From the Laboratory and Medical Services, O’Reilly 
General Hospital, Springfield, Mo 

1 Methods for Laboratory Technicians, War De- 
partment, Technical Manual 8-227, Washington, D C , 
Government Printing Office, 1941, p 301 

2 Wiener, A S Hemolytic Transfusion Reactions 
I Diagnosis with Special Reference to the Method of 
Differential Agglutination, Am J Clin Path 12 189 
(April) 1942 


quacy of routine cross matching for demonstrat- 
ing acquired isoagglutinins was recognized 
Theieafter, when prospective recipients were 
known to have received moie than 5 transfusions 
the centrifuge technic for cross matching was 
adopted as a routine procedure Despite this 
precaution, a second patient suffered a severe 
reaction from blood that was compatible accord- 
ing to these additional laboratory procedures 
The study of these 2 cases serves to illustrate the 
ways of pi eventing reactions due to acquired in- 
tragroup incompatibility, a transfusion hazard 
that has been investigated and oveicome largely 
within the past two years 

HISTORICAL ASPECTS 

In 1940 Landsteiner and Wiener ^ reported an 
agglutinable factor in human blood detectable b) 
immune serums for Macacus rhesus blood Blood 
agglutinated by this immune serum is designated 
as being Rh positive blood , that not agglutinated 
by it IS designated as being Rh negative Subse- 
quently, 3 cases of hemolytic ti ansfusion reaction 
were reported in which it was found that the 
patient’s serum contained irregular agglutinins 
giving reactions unrelated to the four blood 
groups These reactions corresponded exactly 
with the reactions on human bloods of the im- 
mune serums for Macacus rhesus blood Wienei 
and Peters explained the hemolytic reactions as 
follows “Their patients, all being Rh negative 
and receiving Rh positive blood by repeated 
transfusions, responded to these injections by 
producing immune isoantibodies While at first 
the foreign Rh positive blood was eliminated 
from the body without the occurrence of notice- 
able symptoms, after the isoantibodies v ere 
formed subsequent transfusions resulted m hemn- 

3 Landsteiner, K , and Wiener, AS An Agglutin- 
able Factor in Human Blood Recognized by Immune 
Sera for Rhesus Blood Proc Soc Exper Biol & Med 
43 223 (Jan ) 1940 

4 Wiener, A S and Peters, H R Hemolytic 
Reactions Following Transfusions of Blood of the 
Homologous Group, with Three Cases in Which the 
Same Agglutinogen Was Responsible, A.nn Int Med 
13 2306 (June) 1940 
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lytic reactions of progressively increasing sever- 
ity, in one case resulting in death ” 

Recently it has been pointed out that anti-Rh 
serums are not identical and that blood from a 
single person may be Rh positive according to 
one serum and Rh negative when tested with 
another serum ® This introduces one factor 
which makes it impractical for a laboratory with 
limited facilities to attempt to prepare a roster 
of donors with Rh-negative blood for use in cases 
in which repeated transfusions are indicated for 
persons with Rh-negative blood Furthermore, 
not all acquired intragroup incompatibilities aie 
explained on the basis of the Rh factor It has 
been demonstrated that intragroup reactions oc- 
cur in patients with Rh-positive blood after re- 
peated transfusions ® In the blood of such a pa- 
tient, compatible with that of a donor by ordinary 
cross matching, an irregular agglutinin is de- 
monstrable in vitro by a centrifuge technic at re- 
frigerator or body temperature Finally, even 
these special laboratory methods fail to dem- 
onstrate the presence of acquired agglutinins in 
some cases and the hemolytic transfusion reaction 
gives the first sign of the existence of the in- 
compatibility “ 

REPORT or CASES 

Cask 1 — Antt-Rh aggluUmn 

C P, a 2S year old white man with five years of 
service, was admitted to O’Reilly General Hospital 
May 1, 1942, by transfer from a station hospital which 
he had entered April 14, 1942, because of a severe sore 
throat For this he had received sulfanilamide (1 Gm 
four times a day) On April 22 the treatment was dis- 
continued because of gingival bleeding and ulcers of the 
oral mucous membrane At this time the red blood cells 
numbered 2,190,000 per cubic millimeter and the white 
cells 1,850, the hemoglobin content was 7 Gm per 
hundred cubic centimeters Between April 22 and May 1 
he was given 5 blood transfusions of about 300 cc each, 
without incident The past medical history disclosed 
that the patient had a penile chancre in October 1941 
A dark field examination at that time gave positive 
results, and routine antisyphilitic therapy was started 
immediately The last intravenous injection of an arseni- 
cal was administered April 30, 1942 At no time was 
the Kahn or Wassermann reaction positive He had 
received a yellow fever inoculation (lot 335) in Feb- 
ruary 1942 

On physical examination the patient was acutely ill 
and there was pallor of the skin The temperature was 
101 F , the pulse rate 96 and the respiratory rate 24 
There were large necrotic ulcers scattered through the 
mouth, and abundant pus exuded from the gingival 

5 (o) Wiener, A S Hemolytic Transfusion Reac- 

tions III Prevention, with Special Reference to the 
Rh and Cross-Match Tests, Am J Clin Path 12 
302 (June) 1942 (&) Davidsohn, I , and Toharsky, B 

The Rh Blood Factor An Antigenic Analysis, ibid 
12 434 (Aug) 1942 

6 Wiener, A S , Silverman, I J , and Aronson, W 
Hemolytic Transfusion Reactions II Prevention, with 
Special Reference to a New Biological Test, Am J 
Chn Path 12 241 (May) 1942 


margins The heart and lungs were within normal 
limits The blood pressure was 122 systolic and 80 
diastolic The liver and spleen were not palpable 
Numerous petechiae were scattered over the body 
surface 

Laboratory studies on May 1, 1942 revealed 2,320,000 
red blood cells per cubic millimeter and 1,050 white cells 
and 92 Gm of hemoglobin per hundred cubic centi- 
meters A differential white cell count showed 82 per 
cent mature lymphocytes, with no immature forms The 
platelet count was 64,000, tlie coagulation time six 
minutes and fourteen seconds, the bleeding time thirty- 
five seconds and the icterus index 6 The Kahn reaction 


Tablf 1 — Transfusion Record of C P (Group 0)* 


Date 

Donor 

Group 

Amount, 

Cct 

Reaction 

5/ 4/42 

BW 

O 

600 

None 

6/ 6/42 

PEN 

0 

600 

None 

6/ 8/42 

ORA 

0 

600 

None 

6/10/42 

8RA 

O 

600 

None 

6/12/42 

RIA 

O 

600 

None 

6/14/42 

DPB 

O 

600 

None 

6/16/42 

H.TO 

0 

600 

None 

5/10/42 

ERO 

0 

600 

None 

6/21/42 

DLD 

0 

600 

None 

6/23/42 

EHR 

0 

600 

None 

'•1/25/42 

JSE 

O 

600 

None 

6/2S/42 

EMC 

O 

600 

None 

6/31/42 

HtVO 

0 

GOO 

None 

6/ 3/42 

GMD 

0 

600 

Reported on chart ns 

6/ 6/42 

EBH 

0 

600 

"slight” reaction follow 
log transfusion (nature 
not stated) 

None 

6/ 8/42 

WCK 

0 

600 

None 

6/10/42 

EEA 

0 

600 

None 

6/12/42 

OJPE 

0 

600 

None 

6/14/42 

WDK 

0 

600 

None 

6/18/42 

PH 

0 

600 

None 

6/21/42 

PJE 

o 

600 

None 

G/2-1/42 

PAP 

0 

600 

None 

6/27/42 

GOT 

o 

600 

None 

6/30/42 

7/ 3/42 

RWH 

0 

600 

None 

DJM 

0 

600 

None 

7/ 7/42 

RIE 

o 

600 

None 

7/ 0/42 

■WNO 

0 

600 

Severe chill 1 hour after 

7/12/12 

BAD 

o 

3 to 6 

word, temperature 104 

F , patient noticed urine 
was dark after chill 
Following Introduction 




of needle and giving of 

5 cc of blood, patient 
complained of tenseness 
In mediastinum, diffi- 
culty In breathing and 
pain In lumbar region, 
presented clinleal picture 
of mild shock, transfu 
Sion Immediately stop 
ped, temperature rose 
to 103 P 


• From April 22, 1042 to May 2, 1942 five transtusions of 
300 cc each wero given every other day at a station hospital 
t The Indirect citrate method -was used for all transfusions 


was negative Roentgenograms of the chest and electro- 
cardiograms gave normal findings Aspiration biopsy 
of sternal marrow on June 25, 1942 showed hypoplastic 
marrow 

The therapeutic program consisted initially of repeated 
blood transfusions and administration of pentnucleotide 
and of yellow bone marrow Use of the last two reme- 
dies was stopped after seven days, since no beneficial 
results had been obtained Transfusions of 500 cc of 
blood were given every second or third day for a total 
of 28 The patient’s blood was of group O, and that of 
all the donors was also of group 'O (table 1) On June 
10, 1942, after 21 transfusions had been given, it was 
noted that the liver and spleen were palpable, and on 
June 12 jaundice became manifest The icterus index 
gradually increased to 228 on July 19 The hepatitis 
was treated by daily administration of 1,000 cc of 15 
per cent dextrose solution intravenously, administration 
of thiamine hydrochloride (5 mg four times a day) and 
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a high carbohydrate, high protein, low fat diet With 
this program the jaundice, splenomegaly and hepato- 
megaly gradually subsided During this period of deep 
jaundice transfusions (500 cc) were continued every 
second or third day, but the red blood count fell pro- 
gressively On July 9, 1942, one hour after a trans- 
fusion of 500 cc (donor WNO), the patient had a 
seveie chill, the temperatuie rose to 104 F and he noted 
that his urine, which had previously been clear, became 
dark brown On July 13, 1942 another blood transfusion 
was started Appi oximately 5 to 10 cc of blood had 
passed into the vein when the patient complained of 
severe upper mediastinal tension, dyspnea, low lumbar 
backache and weakness The patient obviously was in 
early shock The transfusion was immediately stopped 
and the shock treated No transfusions were given after 
July 13 Subsequent to the stopping of the transfusions 
there was gradual improvement m the blood picture 
At the time of the patient’s discharge, Feb 17, 1943, 
the blood counts and differential counts were essentially 
normal, except for the platelet count, which remained 
persistently between 50,000 and 60,000 A study of the 
bone marrow made on Aug 5, 1942 showed active hemo- 
poiesis 

In review of the history and course of the condition. 
It was considered that this was a case of aplastic anemia 
of undetermined cause, sulfanilamide and arsenic being 
suspected During the course of this illness catarrhal 
jaundice developed, which was not thought to be related 
to transfusions It is possible, but not likely, that the 
anemia and the hepatic disease were caused by the same 
unknown etiologic agent 

After the first reaction (July 9, 1942), the cross match 
w'as checked at room temperature and the compatibility 
of the donor’s blood by that method was confirmed 
After the second severe reaction it was felt that further 
studies were indicated Within an hour after the reac- 
tion, 2 drops of the patient’s serum and 1 drop of a 
suspension of the donor’s blood cells were placed in 
small test tubes One was incubated at 37 C for thirty 
minutes and then centrifuged at 500 revolutions per 
minute for one minute Another was placed in ice water 
in the refrigerator for five minutes and then centri- 
fuged in ice water for one minute at 500 revolutions 
per minute In both of these tubes the donor’s cells 
were agglutinated, and some agglutination occurred at 
loom temperature after prolonged standing (one hour) 
Twenty-seven days later samples of blood from the 
patient and from donor WNO were sent to Dr I 
Davidsohn, of Chicago, who found that the patient’s 
blood was of group O and Rh negative and demon- 
strated the presence of anti-Rh agglutinin Donor WNO 
was found to have blood of group O and Rh positive 
Donor EAD was no longer available for study This 
IS a case of the development of anti-Rh agglutinins in 
Rh-negative blood At first there was simply destruc- 
tion of the transfused blood, as evidenced by the pro- 
gressive fall in the red blood cell count despite the 
transfusions Finally, hemolytic reactions occurred when 
the patient was given transfusions with Rh-positive 
blood 

Case 2 — Umdentified agglutinin 

C J , a 27 year old soldier, was transferred to O’Reilly 
General Hospital March 28, 1942 from a station hospital 
which he had entered March 4, 1942 because of per- 
sistent bloody diarrhea About Feb 18, 1942 he noted 
the onset of frequent watery stools that were streaked 
with blood and mucus The stools, numbering ten to 
twelve per day, were preceded by severe abdominal 
cramps Physical examination and laboratory studies 
led to a diagnosis of chronic ulcerative colitis 


The therapeutic program consisted primaril> of a 
nutritious diet and supplementary vitamins Camphor- 
ated tincture of opium contributed little toward con- 
trolling the diarrhea A course of sulfaguamdme caused 
no improvement On May 17, 1942, the total serum 
protein was 6 9 per cent, albumin 2 8 per cent and 
globulin 4 1 per cent Transfusions of whole blood and 
of plasma were given to combat mild secondary anemia 
and the reversed albumin-globulin ratio of the serum 
The patient’s blood was of group AB, and that of the 
donors was of groups AB and group O He suffered 
occasionally from urticaria following blood transfusions, 
but no difficulty was experienced m obtaining compatible 
donors until Aug 11, 1942 At this time the patient’s 
scrum hemolyzed the red cells of two donors with blood 
of group AB, but the blood of the third donor (SPS) 
was compatible and the patient had no ill effect from 
the transfusion other than slight itching of the skin 
Between August 11 and September 3, 10 transfusions 
of plasma were given while the laboratory searched 
vainly for a donor Fifteen consecutive donors with 
blood of group AB were rejected because the patient s 
serum hemolyzed the donor’s red cells (only at incubator 
temperature) On September 3 a donor (LFF) was 
found whose blood was compatible on cross matching 
at room temperature and by the centrifuge technic at 
refrigerator and incubator temperatures The transfusion 
was given over a period of two and one-half hours 
Thirty minutes after its completion there was a severe 
chill, and the temperature rose to 106 4 F Urine col- 
lected two hours after the chill showed no hemoglobin, 
while blood obtained at the same time gave an icterus 
index of 5 The cross matchings were repeated, and 
there was no agglutination or hemolysis at room, i cfrig- 
erator or incubator temperatures 
On September 7, samples of blood from the donor 
(LFF) and the patient were sent to Dr I Davidsohn, 
who found them both to be of group AB and Rh 
positive The patient’s serum did not agglutinate blood 
of subgroups A, B or A:B, nor did it agglutinate or 
hemolyze the offending donor’s blood at room tempera- 
ture, 37 C or refrigerator temperature The patient’s 
blood did, however, contain a cold agglutinin acting at 
temperatures from 2 to 10 C There is little likelihood 
that this cold agglutinin caused the reaction, because 
the donor’s blood was collected, transported and admin- 
istered warm There remained the remote possibility 
that the patient had become sensitized to some con- 
stituent of the plasma he was given Consequently, 
plasma of the same lot was used for cutaneous tests 
and for agglutination tests (including centrifuge tests) 
The reactions to all of these tests were negative 

In spite of the failure to demonstrate evidence 
of hemolysis in specimens of urine and blood 
collected two hours after the reaction, this is 
considered to be a case of acquired intragroup in- 
compatibility in which the unidentified agglutinin 
was not of Rh factor origin This warm isoag- 
glutmin was demonstrable m vitro after the pa- 
tient had received 11 transfusions and then onh 
by use of the centrifuge technic It produced 
hemolysis of the red cells of 15 consecutive donors 
with blood of group AB After three weeks it 
was no longer demonstrable m vitro, and its 
presence was demonstrated only presumptively, 
by the transfusion reaction This is the t}<pe of 
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case in which a seveie reaction may be prevented 
by employing' the biologic test (to be described) 

METHODS OF PREVENTION 

Wiener has lecently published methods foi 
demonsti ating acquired isoagglutinins and has 
advocated the use of a biologic or clinical test foi 
the lecogintion of those intragroup nicompatibih- 


Table 2 — Tiansfusion Rccoid of C P J (Gioup AB) 





Amount, 


Date 

Donor 

Group 

Cc* 

Reaction 

4/ 7/42 

O/BS 

AB 

600 

None 

1/11/12 

WFS 

0 

450 

None 

4/14/42 

AJD 

0 

500 

None 

4/1G/42 

OJO 

0 

350 

Mild urticaria 

4/19/42 

RED 

0 

500 

None 

4/22/42 

GD 

0 

500 

None 

4/27/42 

DWMcG 

0 

300 

None 

O/10/12 

TKE 

0 

500 

None 

5/21/42 

TDH 

AB 

500 

Severe urticaria 

0/ 3/42 

DJM 

AB 

500 

Mild urticaria 

7/27/42 

OFS 

AB 

500 

Severe urticaria 

S/n/42 

SPS 

AB 

370 

"Mild urticaria, tempera 
turc 101 P after trans 
fusion 

8/14/42 

Plasma 


500 

None 

8/15/42 

Plasma 


500 

None 

8/1G/42 

Plasma 


500 

None 

8/17/42 

Plasma 


500 

None 

8/18/42 

Plasma 


500 

None 

8/19/42 

Plasma 


500 

None 

8/20/42 

Plasma 


500 

None 

S/21/42 

Plasma 


500 

None 

8/22/12 

Plasma 


500 

None 

8/23/42 

Plasma 


500 

None 

9/ 4/42 

DPP 

AB 

500 

Chill, temperature 104 0 
P SO minutes after 


transfusion 


* Tho indirect citrate naethod was used for all transfusions 

ties that cannot be detected in vitio This lab- 
oratory has adopted modifications of these tests 
and is using the folloiMiig system for obtaining 
donois foi patients who have had five or more 
blood tiansfusions 

Cross Matching 

1 Routine grouping and cross matcliing at room tem- 
perature (read at the end of thirty minutes) 

Warm Centrifuge Test 

2 (a) Put 1 drop of the patient’s serum plus 1 drop 
of the donor’s cell suspension in a small test tube 

(b) Put 1 drop of the patient’s serum plus 1 drop 
of the patient’s cell suspension in a small test tube 

(c) Incubate a and b at 37 C for thirty minutes 
and then centrifuge foi one minute at SOO revolu- 
tions per minute in water at about 42 C 

Cold Centrifuge Test 

3 (a) Put 1 drop of the patient’s scrum plus 1 drop 
of the donor’s cell suspension in a small test tube 

(b) Put 1 drop of the patient’s serum plus 1 drop 
of the patient’s cell suspension in a small test tube 

(c) Place in ice water for five minutes and then 
centrifuge one minute at 500 revolutions per minute 
m ice water 

Reading' 

4 Take the tubes from the centrifuge and gently 
agitate Pour a drop from each tube on a slide 
and examine microscopically for agglutination 

f 


Interpretation 

5 When no agglutination occurs in any of the tubes, 
the donor’s blood is considered compatible When 
agglutination occurs in either or both of the tubes 
containing the patient’s serum and the donor’s cells, 
no agglutination occurring in the control tubes 
(2b, 3b), the donor is rejected, the procedure having 
demonstrated the presence of isoagglutinins When 
agglutination occurs in both of the tubes at refrig- 
erator temperature (3a, 3b), the reaction is inter- 
preted as due to a cold autoagglutinin, and the 
donor may be used However, to prevent a reac- 
tion from an irregular isoagglutinm that may be 
masked by the action of the autoagglutinin, the 
transfusion officer is advised to employ a modified 
biologic test The technic employed is as follows 
The patient is given SO cc of the donor’s blood 
and IS obscrv'cd for one hour During this period 
any urine passed is collected and examined for 
hemoglobin If the patient shows no evidence of 
reaction in an hour and the urine no evidence 
of hemoglobin, the remainder of the blood is given 

The biologic test finds its greatest usefulness 
m demonstrating incompatibilities that are not 
evident in vitro When a recipient has suffered 
a hemol} tic reaction to a previous transfusion or 
when the recipient has been found by centrifuge 
tests to have acquired isoagglutinins for blood of 
the same group, the biologic test is never omitted 
even though the blood of the donor used is com- 
patible by routine cross matching and centrifuge 
tests Similarly, any seveie reaction to a previ- 
ous transfusion is sufficient indication for its use 

COMMENT 

Since the centrifuge and the biologic test have 
been in use in this general hospital (Sept 15, 
1942 to Jan 15, 1943), 108 transfusions hav'e 
been given to 42 patients without serious reac- 
tion There have been 6 alleigic and 5 pyrogenic 
reactions (2 major, 3 minor) Seven patients 
have leceived 5 or more transfusions foi a total 
of 63 It has been necessary to reject IS donors 
because of positive reactions to centrifuge tests, 
and 1 patient received a biologic test because of 
the presence of cold autoagglutimns 

The advantage of this regimen m safeguarding 
patients receiving repeated transfusions in gen- 
eral hospitals lies in its simplicity and its inclu- 
siveness Although it does not provide iden- 
tification of the responsible agglutinogen, the 
regimen permits the recognition of the presence 
of acquired incompatibility, whether it be due to 
the Rh factor or to some other rarer agglutinogen 
Finally, it makes possible the selection of a donor 
whose blood lacl^s the offending agglutinogen 





THIAMINE METABOLISM 

WITH PARTICULAR REFERENCE TO THE ROLE OF THE 
LIVER AND KIDNEYS 

ROBERT H WILLIAMS, MD, and GROSVENOR W BISSELL, MD 
With the Assistance of Jean B Peters 

BOSTON 


Banga, Ochoa and Peters have shown that 
most of the biologic activity of thiamine is ex- 
erted only when the latter exists in the form of 
diphosphothiamine All of the nucleated cells of 
the body have been thought to possess the power 
to convert thiamine to diphosphothiamine,- the 
liver ® and the kidney ^ possessing this activity 
more than the other tissues Furthermore, these 
organs have a greater capacity for the dephos- 
phorylation of diphosphothiamine ° 

These observations introduce an important 
query as to whether with severe disease of the 
liver or kidneys there is a disturbance in thiamine 
metabolism Ceitain studies that have been made 
suggest that such may be the case For example, 
Borson ° found that 3 patients with hepatic cir- 
rhosis, excreted a distinctly larger percentage of 
a standard test dose of thiamine than did his noi- 
mal subjects He suggested that the damage of 
the liver might cause a decrease in the phosphoryl- 
ation of thiamine and lead to a decrease in the 
storage and utilization of this vitamin A some- 
what similar phenomenon was obseived by Wil- 
liams, Egana, Robinson, Asper and Dutoit in 

From the Thorndike Memorial Laboratory, Second 
and Fourth Medical Services (Harvard), Boston Citv 
Hospital, and the Department of Medicine, Harvard 
Medical School 

1 Banga, I , Ochoa, S , and Peters, R A Pyruvate 
Oxidation in Brain Active Form of Vitamin Bi and 
Role of C4 Dicarboxylic Acids, Biochem J 33 1109, 
1939 

2 Goodhart, R S , and Sinclair, H M Estimation 
of Cocarboxylase (Vitamin Bi Diphosphate Ester) m 
Blood, Biochem J 33 1099, 1939 

3 Ochoa, S Enzymic Synthesis of Cocarboxylase 
m Animal Tissues, Biochem J 33 1262, 1939 

4 Westenbnnk, H G K , and Goudsmit, J Investi- 
gations on the Aneurm and Cocarboxylase Content of 
Animal Tissues, Estimated by the Thiochrome Method, 
Enzymologia 5 307, 1938 

5 Ochoa, S, m E^ans, E A, Ji The Biological 
Action of the Vitamins A Symposium, Chicago, Uni- 
lersity of Chicago Press, 1942, pp 17-42 

6 Borson, H J Clinical Application of the Thio- 
chrome Reaction in the Study of Thiamm (Vitamin 
Bi) Deficiency, Ann Int Med 14 1, 1940 

7 Williams, R H , Egana, E , Robinson, P , 
Asper, S P , and Dutoit, C Alterations in Biologic 
Oxidation in Thyrotoxicosis I Thiamine Afetabolism, 
Arch Int Med 72 353 (Sept) 1943 


thyrotoxic patients They found that some of 
these patients excreted normal amounts of thi- 
amine in the urine even when the diphosphothi- 
amine content of the blood was subnoimal The 
frequent existence of impaired hepatic function 
m thyrotoxicosis and the resulting decrease in 
the phosphorylation capacity of the liver were 
suggested as one explanation for the inefficient 
thiamine economy 

Thiamine deficiency is often pi esent in patients 
with hepatic cirrhosis A histoiy of a low thi- 
amine intake is usually obtained, but this may 
not be the only factor involved in the reduction 
of storage of the vitamin Since thiamine is used 
in the treatment of hepatic cirihosis, it is of 
interest to know more about its utilization in 
these patients 

Less attention has been paid to the lelalionship 
of disease of the lodney to thiamine metabolism 
However, it has been obseived in patients with 
renal disease ® and with congestive heait failure ° 
that a subnoimal quantity of a test dose of thi- 
amine IS excieted 

In an effort to elucidate further the role of 
the liver and the kidneys in thiamine storage, 
we have studied certain phases of thiamine metab- 
olism in persons with severe disease of these 
oigans 

PLAN OF STUDY 

It was our belief that if the liver and the 
kidneys play an important role in the phosphoryl- 
ation of thiamine it might be possible to demon- 
strate an impairment m this process in persons 
with seveie disease of the liver or kidneys by 
administering a standard amount of thiamine and 
determining the blood levels of it frequently 
Furthermore, the capacity for dephosphorylation 
peihaps can be estimated by administering a 
standard amount of diphosphothiamine and com- 
paring Its rate of breakdoi^ n with that in health 

8 Najjar, V A, and Holt, L E, Jr Studies in 
Thiamin Excretion, Bull Johns Hopkins Hosp G7 
107, 1940 

9 Robinson, W D , Alelnick, D , and Field, H , 
Jr Urinary Excretion of Thiamin in Clinical Cases 
and Value of Such Analjses in Diagnosis of Thiamin 
Deficiency, J Clin Investigation 19:399, 1940 
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All of the subjects with severe disease of the liver had 
Laennec’s cirrhosis They had had pronounced ascites, 
but at the time the test was performed little or no 
fluid was present No patient was jaundiced at the time 
of the test No more than a slight anemia was present 
m any subject, and there was no leukocytosis Although 
several of these patients were probably deficient in 
thiamine at the time they were admitted to the hos- 
jiital, each patient was given 10 mg or more of thiamine 
hydrochloride per day for at least one week In an 
effort to avoid having these patients supersaturated with 
thiamine at the time of the test, the supplcmentarj 
thiamine was not given for at least three days preceding 
the test Evidence of pronounced impairment of hepatic 
function was secured by means of the hippuric acid 
test and the bromsulphalein test All patients had been 
hospitalized for several weeks preceding the test, and 
on the day of the latter they were kept in bed in a fast- 
ing and resting state 

All of the subjects with severe disease of the kid- 
neys had well defined chronic nephritis with pronounced 
uremia None of these patients had more tlian a mild 
degree of congestive heart failure The same precautions 
for avoiding thiamine deficiency were taken as in the 
group with cirrhosis There was little deviation of 
the blood from normal, except for moderate anemia m 
1 patient 

The normal subjects were college students On the 
day of the test the student came to the hospital without 
breakfast and with as little exertion as possible He 
then lay down for thirty minutes before the test was 
begun and remained in a basal condition until the test 
was completed 

After a fasting specimen of blood was taken, IS mg 
of thiamine hydrochloride was injected intravenouslj 
during a period of exactly two minutes Immediately 
after the injection a sample of blood was taken from 
the opposite arm Samples, about 15 cc each, were 
taken subsequently at six minutes, fifteen minutes and 
one hour Twice this amount was obtained as the fast- 
ing specimen in order that a thiamine recovery experi- 
ment could be performed Potassium oxalate was used 
as an anticoagulant, the final dilution being 0 2 per cent 
Immediately after collection each sample of blood was 
placed in a pan of ice and kept there until the analysis 
for the thiamine and diphosphothiamine was begun, about 
fifteen to thirty minutes later 

The experiment was repeated with other groups of 
normal, cirrhotic and nephritic persons, IS mg of 
cocarboxylase (diphosphothiamine) being used instead 
of thiamine In this experiment the blood cells and the 
plasma were analyzed individually for the content of 
thiamine and diphosphothiamine 

The normal subjects were studied also for changes in 
the thiamine and diphosphothiamine levels of the blood 
after the administration by mouth of 15 mg of thiamine 
in about 3 ounces (90 cc ) of water 

Immediately on the completion of each test the sub- 
ject was requested to empty his bladder The urine 
was preserved with glacial acetic acid and analyzed for 
thiamine 

Methods of Thavnne cmd DiphosphotJnamine Analysts 
— ^The method employed for the estimation of thiamine 


10 Originally the test dose was 5 mg , but it was 
increased to 15 mg because the former amount did not 
cause as much change in the thiamine level of the blood 
as we desired We preferred not to use a larger dose 
than necessary 

11 The cocarboxylase was supplied by Merck & Co, 
Inc 


in the urine was described by Egana and Meiklejohn^^ 
This method is a modification of the ones used b\ 
Jansen,i3 by Hennessey and Cerecedo and by Harris 
and Wangi® It depends on the oxidative conversion 
of thiamine to thiochrome in the presence of alkaline 
ferricyanide, giving a bluish fluorescence under ultra- 
violet radiation, which can be quantitated by a com- 
parison with a set of standards This method has proved 
to be relatively accurate for the estimation of thiamine 
in tlie urine. The total twenty-four hour excretion of 
normal persons has been found to range from 35 to 250 
micrograms 

In the estimation of the thiamine and the diphospho- 
thiaminc content of blood we have used the methods of 
Egana and Robinson Tlie technic is similar to that 
for the determination of thiamine used on urine The 
content of diphosphothiamine in the blood is similar to 
that in the urine It is estimated on the same specimen 
of blood as is used for the determination of thiamine 
This IS possible because diphosphothiamine is converted 
into diphosphothiochromc in the presence of alkaline 
fcrncjanidc and the diphosphothiochrome can be sepa- 
rated from thiochrome, owing to the insolubility of the 
iorincr in isobutyl alcohol The standards for diphos- 
jihothiochrome are prepared by running known amounts 
of diphosphothiamine through the same procedure as the 
unknown The amount of blue fluorescence is compared 
w ith standards, as in the case of thiochrome, and therebv 
the amount of diphosphothiamine determined 

Great care must be taken to a\ oid any hemoly sis, since 
it has been our experience as well as that of others 
that this leads to large errors in the estimations of 
thiamine and diphosphothiamine 

The thiochrome method is not as accurate when 
applied to blood as when applied to urine In the former 
there are more interfering substances and the percentage 
of recovery of added thiamine is more variable Similar 
difficulties are encountered with the determination of 
diphosphothiamine However, these metliods may be 
used for the estimation of pronounced relative changes 
such as we are presenting in this study 

RESULTS 

(a) Results of Adnumstt afion of Thiamtne — 
After the administration of 15 mg of thiamine 
hydrochloride by mouth to the normal subjects 
a rapid absorption of this substance was evi- 
denced by a distinct rise in the thiamine level 

12 Egana, E , and Meiklejohn, A P The Estima- 
tion of Thiamine m Urine, J Biol Chem 141:859, 1941 

13 Jansen, B C P A Chemical Determination of 
Aneurm (Vitamin Bi) by the Thiochrome Method, 
Rec trav chem Pays Bas 55 1046, 1936 

14 Hennessey, D J , and Cerecedo, L R The De- 
termination of Free and Phosphorylated Thiamin by a 
Modified Thiochrome Assay, J Am Chem Soc 61 
179, 1939 

15 Harris, L G , and Wang, Y L Vitamin Meth- 
ods Improved Procedure for Estimating Vitamin Bi 
in Food-Stuffs and Biological Materials by Thiochrome 
Test Including Comparisons with Biological Assays, 
Biochem J 35 1050, 1941 
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Solutions of Alkaline Ferricyanide, Proc Soc Exper 
Biol & Med 52 59, 1943 


WILLIAMS-BISSELL— THIAMINE METABOLISM 


205 


of the blood six minutes latei (chart 1) The 
diphosphothiamiiie lose concomitantly and con- 
tinued to increase for fifteen to thirty minutes, 
at the end of one hour it was still above normal 


Micrograms per 



Chart 1 — The changes m the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of whole 
blood of 3 normal subjects following the oral ingestion 
ot 15 mg of thiamine hydrochloride 

The elevation of the thiamine level was of less 
degree than that of the diphosphothiamine, and 
it tended to return to normal more quickly The 
amount of thiamine excreted in the urine was 
0 6 per cent (lange 0 3 to 0 8 per cent) of the 
injected dose 

When thiamine was administered intravenously 
to noimal subjects the changes in the blood 


Micrograms per 



Chart 2 — The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) levels of the blood 
following the intravenous injection of 15 mg of thiamine 
hydrochloride into 5 normal subjects Each injection 
was given during a period of two minutes 

took place much moie quickl)^ (chart 2) than 
when it was given by mouth The thiamine 

18 The great variability m the responses of the nor- 
mal subjects, as well as in those of the abnormal ones. 


level of the blood reached a peak immediately 
on completion of the injection but within six 
minutes it was normal The rapid rate of phos- 
phorylation was demonstrated by the large 
amount of diphosphothiamine found m the two 
minute sample Thereafter the level declined, 
although in 2 instances it was still elevated at 
the end of an houi 



Chart 3 — ^The changes m the thiamine (dotted lines) 
and diphosphothiamine (solid lines) of the blood of 
3 patients with hepatic cirrhosis given intravenously 
15 mg of thiamine hydrochloride 

In the patients with cirihosis (chait 3) there 
was distinctly less rise in the diphosphothiamine 
content of the blood than occurred in the normal 
group (chart 2) This fact plus the slightly 
greater rise iri the thiamine level of the patients 
with cirrhosis suggests that phosphorylation had 
taken place less leadily, as discussed latei 
In patients with nephritis (chait 4) the rise 
in the thiamine level developed more slowly than 
in the noimal subjects, but the level eventually 
reached about the same height This delay may 
have been due to an increase in the circulation 

M per 


100 cc 
20 
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Chart 4 — ^The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) of the blood of 
4 patients with chronic nephritis given 15 mg of 
thiamine hydrochloride intravenously 

time The amount of diphosphothiamine formed 
is essentially the same as in the normal group 
Although in the three groups of subjects a 
striking increase in the diphosphothiamine con- 
tent of the blood occurred after the injection of 

IS shown bj the cur\es in the figures Therefore, in 
our interpretations we ha\e considered the trends rather 
than the specific curves 
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thiamine, this use was not of sufficient mag- 
nitude to account foi more than 5 per cent of 
the amount injected This leads to the questions 
as to (1) whether most of the thiamine was 
excieted in the urine, (2) whether it was 
stoied in the tissues or (3) whether it was 
broken down to substances wdiich do not give 
the thiochrome reaction 

During the hour that these tests weie con- 
ducted the noimal subjects excreted in the urine, 
on the aveiage, 0 6 pei cent of the oial dose of 
thiamine and 2 8 per cent of the intravenous 
dose The patients with ciiihosis on the aver- 
age excieted 4 7 pei cent, and those with neph- 
ritis excreted 1 4 pei cent Tauber stated that 
the ingestion of laige amounts of vitamin did 
not result in excretion of cocarboxylase in the 
mine, as we have also noted Theiefore, the 
amount of thiamine excieted m the urine would 
not account for much of the administered thi- 
amine Fuitheimoie, if the pyiimidme accel- 
eiator of yeast fermentation-® weie also 
included, this would not account foi much more 
of the vitamin As to how much of the thiamine 
was broken down during the period of obsei- 
vation, the present data are inadequate for a 
good estimation 

The chief consideration is stoiage of thiamine 
— its rate of storage, site and extent The W'ork 
of Borsook and associates is of interest m this 
connection They injected intiamuscularly thi- 
amine containing radioactive sulfur and deter- 
mined the amount of the lattei excreted m the 
urine and feces One noimal subject was given 
16 mg daily for four days On the first day less 
than 20 per cent of the injected thiamine w’^as 
excreted but many times tlie usual amount of 
nonradioactive thiamine was eliminated Six 
days after the last injection a total of 61 pei cent 
of the injected radiosulfui had been recoveied 
from the urine and 11 per cent fiom the feces, 
but 28 per cent lemained unaccounted for 

Ferrebee, Weissman and Owen found that 
the total amount of thiamine in the body is about 

19 Tauber, H Interaction of Vitamin Bi in 
Enzymic Reactions, J Biol Chem 123 499, 1938 

20 Gorham, A T , Abels, J C , Robins, A L , and 
Rhoads, C P The Measurement and Metabolism of 
Thiamin and of a Pyrimidine Stimulating Yeast Fer- 
mentation Found in the Blood Cells and Urine of 
Normal Individuals, J Clin Investigation 21 161, 
1942 

21 Borsook, H , Buchman, E R , Hatcher, J B , 
Yost, D M , and McMillan, E Course of Thiamin 
Metabolism in Man as Indicated by the Use of Radio- 
active Sulfur, Proc Nat Acad Sc 26 412, 1940 

22 Ferrebee, J W , Weissman, N , Parker, D , and 
Owen, P S Tissue Thiamin Concentrations and 
Urinary Thiamin Excretion, J Chn Investigation 21 
401. 1942 


25 mg , the heart containing about 2 to 3 micio- 
grams pei gram, the skeletal muscle 0 5 micro- 
gram and the liver, kidney and brain about 1 
microgi am each These investigators found that 
whereas a striking increase in the thiamine con- 
tent of the tissues resulted from the feeding of 
large doses of this vitamin to rats and to human 
beings wdio were deficient in this substance, only 
slight increases (about 10 to 20 per cent) oc- 
curied m men maintained on a normal diet 
Flowevei, it is significant that only a slight in- 
ciease m the thiamine content of the tissues could 
cause an appicciable reduction in the thiamine 
content of the blood, since the normal level of 
the lattei is about 7 micrograms per hundred 
centimeters, wdiicli is about one fifteenth that of 
the tissues 

Mason and Williams adduced evidence that 
an appreciable amount of storage of thiamine 
may lesult in man They fed 2 normal subjects 
7 5 mg of thiamine hydrochloride for thirty'’- 
seven days and then placed them for five days 
on a diet containing 400 micrograms of thiamine 
and for twenty'-two days on a diet wdiich fur- 
nished 600 micrograms Theieafter, the dail} 
twenty -four hour excretion of thiamine w as nor- 
mal, as was the response to a test dose of thi- 
amine 

Leong-^ found that in rats maintained on a 
normal stock diet the concentrations of thiamine 
m the various tissues was essentially the same 
However, w'lth an excessive ingestion of this 
vitamin the liver and heart show'ed a distinct in- 
crease in stoiage wdnle the othei organs showed 
little change 

Ochoa and Peters show^ed that m rats and 
pigeons’ tissues almost all of the thiamine piesent 
w'as in the form of cocaiboxydase This is of 
interest, since Banga, Ochoa aqd Peteis show'ed 
that essentially all of the activity of thiamine in 
the oxidative decarboxylation m tissue was pio- 
poi tional to the amount of cocarboxydase present 
Furtheimoie, Ochoa and Peters demonstrated 
that the amount of diphosphothiamine w'as much 
1 educed in pigeons with B^ avitaminosis 

Ochoa and Peteis found that thiity minutes 
after injection of vitamin Bi into avitaminous 
pigeons and lats there was a pronounced accu- 
mulation of cocaiboxylase m the liver, wheieas 

23 Mason, H L , and Williams, R D The Uiinarj 
Excretion of Thiamine as an Index of the Nutritional 
Level Assessment of the Value of a Test Dose, J Chn 
Investigation 21 247, 1942 

24 Leong, P C Vitamin Bi in tlie Animal Organi- 
zation II A Quantitative Study of the Metabolism 
of Vitamin Bi in Rats, Biochem J 31 373, 1937 

25 Ochoa, S , and Peters, R A Vitamin Bi and 
Cocaiboxvlase m Animal Tissues, Biochem J 32 1501, 
1938 
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little or no increase developed in the skeletal 
muscle, heart or biain The level of cocarboxy- 
lase 111 the hvei could not be made to rise much 
above normal Normal animals given thiamine 
had only a slight rise m the cocarboxylase of the 
tissues Ochoa® obtained somewhat similar re- 
sults for the m vitro synthesis of cocarboxylase 
from thiamine, using livei, brain, intestine and 
breast muscle of pigeons Of these tissues the 
liver was the only one which exhibited a good 
capacity to phosphorylate added thiamine to 
diphosphothiamine He found that the amount 
of synthesis soon reached a maximum, which was 
generally slightly above the normal concentration 
of cocarboxylase, beyond which no greater con- 
centration of diphosphothiamine resulted, no mat- 
ter how much thiamine was added The maximal 
synthesis in the liver resulted in thiity to sixty 
minutes, but a short time theieafter the level be- 
gan to drop Biam and muscle were found to 
show less synthesis, but there was no decrease 
in the amount of cocarboxylase aftei the maxi- 
mum was leached Westenbrink and Goudsmit * 
showed that the kidneys were active in the phos- 
phorylation of thiamine Goodhart and Sinclaii ® 
found no evidence of the synthesis of cocaiboxy- 
lase from thiamine in normal pigeon, ox and hu- 
man bloods Howevei, when this vitamin was 
added to thiamine-deficient pigeon blood, maiked 
synthesis lesulted These mvestigatoi s also le- 
poited that only about 14 pei cent of the total 
thiamine of the blood is in the plasma and essen- 
tially all of this IS 111 the free form On the othei 
hand, almost all of this -vitamin in the blood cells 
IS 111 the foini of diphosphothiamine, the white 
cells containing many tunes the amount m the 
led cells 

In summaiy, the data accumulated thus fai 
suggest that most of the thiamine of the body is 
phosphoiylated befoie it is stoied, the hvei and 
kidneys being paiticulaily active in phosphoiyla- 
tion The stoiage can be iiici eased above noimal, 
but theie is a limit, which is not much above 
noimal, bejond which no appieciable inciease in 
the stoies lesults Piesumably all tissues shaie 
in this accumulation, although not to an equal 
extent Immediatel} aftei laige quantities of 
thiamine have been injected the hvei takes the 
chief 1 esponsibihty foi the stoiage and dispensa- 
tion of this vitamin, pei nutting its concenti ation 
to inciease greatly foi a tempoiaiy period, dui- 
ing ^^hlch time an establishment of equilibrium 
IS taking place In this inter-\al some of the 
diphosphothiamine of the hvei is dephosphoiyl- 
ated, the thiamine theieby hbeiated being cairied 
b) the plasma to othei tissues, vheie it is again 
phosphoi 3 lated It may also be transposed m 
the blood cells, chiefly m the foim of diphospho- 


thiamme An excess of ^ itamin to that stored m 
the body is broken down oi excreted as thiamine 
in the uiine As the bod} stores go belou noi- 
mal, the phosphoi 3 latmg activity of the ladne 3 S 
increases and thereb}" aids in the econom}’- of 
thiamine by pi eventing its excietion m the urine 

In attempting to mteipret the ^allous changes 
in the dynamic equilibrium of thiamine on the 
basis of studies of the blood and mine, certain 
facts should be emphasized It has not been 
established how satisfactor}’- the thiamine le\el 
of the blood is as an index of the content of the 
vitamin m the tissues The total amount of thi- 
amine in the blood is small, and its concentration 
in the tissues of the body \aries Furthermoie, 
it IS known that when laige doses of the vitamin 
are injected the amount taken out by the tissues 
vai les a great deal 

The fact that in the ciirhotic patients as com- 
paied with noimal theie aie less of a rise in the 
diphosphothiamine, a gieatei use m the thiamine 
and an inci eased excietion of thiamine m the 
urine suggests that theie is a deciease in the 
phosphorylation process If all of the diphospho- 
thiamine of the blood is a i esult of the phosphor} 1- 
atmg activit} of the blood cells it is probable 
that the hvei has an indiiect effect on this piocess 
(charts 2 and 3) It is possible that the blood 
cells may receive diphosphothiamine as such 
fiom the liver cells, duiing their passage thiough 
the hvei If this hypothesis is coiiect, in sub- 
jects with ciirhosis one would expect a lower 
level of diphosphothiamine of the blood than one 
obseives in normal subjects, since in the foimei 
gioup theie is a decreased blood flou thiough 
the hvei and a deciease in most of the activities 
of the liver cells The in v itro studies of Banga 
Ochoa, and Peteis ^ with vaiious piepaiations of 
biam tissue suggested that cocai box} lase pei- 
meates the cell vail not as such but m the foim 
of thiamine, which aftei enteiing the cell is phos- 
phor} lated Although it IS piobable that the 
phosphoiylating action of the kidne} is impaiicd 
with se^ele lenal disease, theie aic no definite 
manifestations of this reflected in the blood 

(b) Resiilis of Admimstiation of Diphosfiho- 
tjnanune — Aftei the intia-venous admimstiation 
of 15 mg of cocai box} lase to noimal subjects 
the plasma le^el lose lapidh (chait 5) and in 
1 subject leached 100 miciogiams pei hundred 
centimeters Ho^^e^er. the lapid rate of dephos- 
phorylation is demonstrated b} the inciease in 
the thiamine le^el in the two minute specimen 
The thiamine content of the plasma tended to 
leturn to noimal in six to fifteen minute'; but 
the diphosphothiamine loel lemained elevated 
foi moie than an houi 
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Concomitant with the changes in the plasma, 
rapid changes occuned in the blood cells (chart 
6) A marked increase m the diphosphothiamine 
was observed m the two minute specimen Thei e 
was also a slight increase in the thiamine content 


Microgranis per 



Chart 5 — ^The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of normal 
blood following the intravenous injection of 15 mg of 
cocarboxylase in 4 subjects The injections were given 
during a period of two minutes 

of the cells However, since the increase in the 
thiamine content of the cells and plasma was rela- 
tively small as compared with the increases in 
the diphosphothiamine content, one is prompted 
to consider either that diphosphothiamine passes 
through the cell membrane as such or that it is 
dephosphorylated and then rephosphorylated at 
an extremely rapid rate The latter consideration 
introduces the query as to how great a part the 
blood cells alone play in regulating the intercon- 
version of phosphorylated thiamine and free 
thiamine Goodhart and Sinclair ® could not 


demonstiate in vitio any synthesis of diphospho- 
thiamine from thiamine in noimal blood 

Since the liver and kidneys have been demon- 
stiated to be active in dephosphor} lating as well 
as in phosphorylating thiamine it is important 
to compare the observations on the normal sub- 
jects wuth those on persons with hepatic cirrhosis 
and severe nephritis 

In the cnrhotic gioup (chart 7) theie was a 
distinctly smallei rise in the diphosphothiamine 
content of the plasma than occurred in the normal 
group Furtheimore, in the former group the 
diphosphothiamine had attained noimal levels 
wuthm SIX minutes, wdiereas wnth the latter group 
It was still elevated at the end of an hour The 
diphosphothiamine content of the blood cells also 
tended to inciease somewdiat less in the cirrhotic 


Micrograms per 



Chart 6 — Same subjects as m chart 5 The cun'es 
show the changes in the thiamine (dotted lines) and 
diphosphothiamine (solid lines) content of the blood 
cells 

group (chart 8) On the other hand, the plasma 
thiamine of the cnrhotic group rose moie than 
did that of the noimal group The changes in 
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the cellular thiamine weie similar in the two 
gioups 

The altei ations in the thiamine and diphospho- 
thiamine blood levels in the nephritic patients 
(charts 9 and 10) were somewhat intermediate 
to those of the normal and the ciirhotic subjects 

ificrogranii p^r 



Chart 7 — The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of the 
plasma of 3 patients with cirrhosis of the liver given 
15 mg of cocarboxylase intravenously Compare with 
chart 5 

During the hour that the test was conducted 
the amount of thiamine excreted in the urine by 
the normal subjects was 1 4 per cent of the in- 
jected dose of diphosphothiamine, the nephritic 
gi oup excreted 3 4 per cent Specimens of urine 
weie obtained fioni only 1 of the cirrhotic pa- 
tients However, he excreted 45 per cent of the 
injected dose of diphosphothiamine The urinaiy 
thiamine was m the free form and therefore not 
phosphorylated In investigating the cause of 
this striking diuiesis of thiamine, it was discov- 
ered that one hour before the diphosphothiamine 
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Chart 8 — The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of the 
blood cells Subjects same as m chart 7 

test was made the patient had been given 2 cc 
of mercurophyllme Because of this, further ob- 
servations were made on the eftect of mercuro- 
phyllme on excietion of thiamine 


Effect of Mei cm ophyllxne on the Exctehon of 
Thiamine in the Uiine — ^\Ve first studied the 
effect of mei curophylhne on the excretion of 
thiamine m the urine of 2 normal subjects We 
then studied its effect on 2 patients with slight 
congestne heart failure and 1 wnth Laennec's 
cirrhosis, since these types of patients are the 
ones wdiich most often are treated wuth mei- 
curophylhne 

The effect of mercuroph) lime on excretion ol 
thiamine was observed when it w^as given m 
conjunction wuth 15 mg of thiamine Indio- 
chloride These two drugs aie frequently given 
together , hence such a study seemed appropriate 
All of the mercurophyllme w'as administered 
intravenously in 2 cc amounts two hours befoie 
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Chart 9 — The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of the 
plasma of 4 patients with chronic nephritis gnen 
15 mg of cocarboxylase intravenously 

thiamine hydiochlonde w^as administered The 
latter was injected intravenously m quantities of 
15 mg into all the patients wuth the exception of 
patient N M , who received doses of 1 mg The 
urine w^as collected m glacial acetic acid for tw en- 
ty-four hours following the injection of thiamine 
The same dosage of these drugs w'as used on the 
days when they w ere given singly as when gi\ en 
together 

Normal subject A M , having full} recovered 
from pneumonia, w^as transferred to the metab- 

26 The mercurophyllme was tested for fluorescence 
but W'as found to have none Therefore, this drug caused 
no apparent interference with the estimation of thiamine 
in the urine 
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olisni waid Heie he ^vas mauilained on the 
legulai hospital diet ^\lth the addition of 6 tab- 
lets of breweis’ 3'east dail}^ Aftei one week on 
such a regimen, estimates weie made of the dailj'^ 
excietion of thiamine in the mine On the fifth 
day thiamine was given mtiavenously In the 
succeeding twent} -foili hours 1 9 mg of thiamine 
was excreted (chait 11) On the thiiteenth day 
the subject was given meicurophjllme, and din- 
ing the succeeding twent) -foui houis 10 mg of 
thiamine was excreted 

Subject S M , convalescent liom an opeiation 
foi an ingiown toe nail, was tiansfeiied to the 
metabolism uaid and was piepaied with a dietary 
regimen, as m the case of A M He was given 
thiamine hydi ochloi ide alone, mcicuiophylhne 
alone and then the tw'O togethei The meicu- 
rophylhne alone had no definite diuretic effect 
on the excretion of thiamine How^evei , when 
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Chart 10 — The changes in the thiamine (dotted lines) 
and diphosphothiamine (solid lines) content of the blood 
cells Subjects same as in chart 9 

thiamine and mercurophylhne w'ere given on the 
same day theie w'as a distinctly greater excretion 
of thiamine (1 06 mg ) than when the lattei was 
given alone (0 38 mg ) 

Patient W E , a woman aged 70, had been m 
the hospital for seveial weeks with congestive 
heart failure due to arteiioscleiotic heait disease 
When we studied hei, there was only a slight 
amount of heart failuie She had leceived sub- 
cutaneously 10 mg of thiamine hydrochloiide foi 
several weeks The injections w’^ere discontinued 
one week befoie our studies w^ere begun A 
greater diuresis of thiamine resulted wdien mei- 
curophylline rvas given on the same daj'^ as the 
thiamine (0 26 mg ) than occuried wdien the lat- 
ter was given alone (0 14 mg ) Howevei, when 
mercurophylhne alone was given, the most pio- 
nounced diuiesis of thiamine resulted (12 6 mg ) 


Patient M U , a wmman aged 50, had been in 
the hospital for seveial w'eeks with congestive 
heait failuie because of chronic rheumatic heart 
disease ITei dietary intake preceding hospitali- 
zation was essentially normal, and she was main- 
tained on a “caidiac” diet, wnthout vitamin sup- 
plements, wdnle in the hospital At the time that 
oin studies wTic conducted only slight manifes- 
tations of congestive failure remained Mercu- 
ioph)lhne given m conjunction with thiamine 
hydrochloride did not increase the diuresis of 
thiamine Plow^ever, when mercupurm alone w’’as 
given, a pronounced diuiesis of thiamine resulted 
(6 6 mg ) 

The patient w'lth ciiihosis (N M ) w^as a man 
aged 35 who had been in the hospital for sev- 
eial weeks PIis diet had been supplemented with 
seveial vitamins, including thiamine How'ever, 
he had received no extra v'ltamins during the 
w eek preceding our studies When mercurophyl- 
hne was used alone there w'as no definite increase 
m the amount of thiamine excieted Howev'er, 
when It was used in conjunction with thiamine, 
more of this vitamin appeared in the mine (028 
mg ) than was found after the administration of 
thiamine alone (0 14 mg ) 

Theiefore, it is apparent that different subjects 
excrete v anable amounts of thiamine m the urine 
aftei the administration of mercurophylhne, 
sometimes this amount is enoimous This in- 
creased elimination of thiamine is not due alone 
to an increase m the volume of urine, since it 
was found that m several instances there was an 
increase m the concentration of this vitamin in 
the urine (chart 11) Indeed, m the urine of 2 
subjects the concentration W'as about fifty times 
greater than normal, although no extra thiamine 
had been given for moie than ten days In spite 
of the excretion of large quantities of thiamine 
m the mine, it contained no demonstiable diphos- 
phothiamme 

The observ^ations which have been made thus 
fai suggest that the large capacity of the kid- 
ney for the mterconversion of thiamine and 
diphosphothiamine is for the conservation of the 
body’s supply of thiamine, the kidney tubules 
leabsorbmg most of the thiamine wdien its cells 
are deficient in this vitamin and conveitmg it 
into diphosphothiamine, wdiich, m turn, can lib-' 
erate thiamine for dispensation by the blood On 
the other hand, wdien the body is saturated with 
the vitamin, the kidneys peiniit its escape in 
excess quantities When meicuiophyllme is ad- 
ministered, the tubular activity of the kidneys 
can be so disturbed as to peiniit the elimination 
of 1 ather large quantities of thiamine m the urine 
We found this response to vaiy a great deal in 
different subjects 
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SUMMARY AND CONCLUSIONS 

Thiamine hydrochloride administered to nor- 
mal subjects by mouth was found to be rapidly 
absorbed from the gastrointestinal tract and con- 
verted into diphosphothiamine within a few 
minutes 

When 15 mg of thiamine hydrochloride was 
given intravenously to normal subjects, an imme- 
diate and striking increase in the diphosphothi- 
amme level of the blood was observed The rapid 


When 15 mg of cocarboxylase v.as adminis- 
tered intravenously to normal subjects, an in- 
crease in the diphosphothiamine and the free thi- 
amine of the plasma and the blood cells was 
observed immediately The thiamine level rap- 
idly returned to normal, but the diphosphothi- 
amine remained elevated, for more than an hour 
111 some instances In patients with advanced 
cirrhosis there was also an immediate increase 
in the free thiamine leiel of the blood, but there 
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Chart 11 — ^Tlie changes m the twentj-four hour urinary excretion (m micrograms) of thiamine (T) follow- 
ing the intravenous injection of 2 cc of mercurophylhne (M) When thiamine and mercurophylline were both 
given, the former was given intravenously two hours after the latter The amount of thiamine hydrochloride 
injected was IS mg for each patient except N M , who received only 1 mg Note that mercurophylhne caused 
a pronounced excretion of thiamine This increased excretion was not due to just an inci cased volume of urine 
(Values at the left of the solid bars represent micrograms per liter ) 


disappear ance of the vitamin from the blood was 
shown by the fact that the thiamine level of the 
blood was normal within six minutes and the fact 
that the total diphosphothiamine of the blood 
nevei represented more than about 5 per cent 
of the injected dose 

In patients with sev^ere hepatic cirrhosis, an 
impairment in the phosphorylation of the thi- 
amine was demonstrated, but not much distur- 
bance in this mechanism v\ as observed in patients 
with nephritis 


was much less rise m the diphosphothiamine than 
occurred in the normal subjects In patients with 
sev^ere nephritis, the changes were intermediate 
between those of the normal and of the cirrhotic 
groups 

Mercurophylline was found to cause the ex- 
cretion of a large amount of thiamine This ef- 
fect w^as not due alone to an increased elimination 
of water, because in some instances the concen- 
tration of the thiamine in the urine was many 
times that found in normal urine 



IREATMENT OF GASTRODUODENAL ULCERATIVE DISEASE 
WITH SODIUM ALKYL SULFATE 


A PRELIMINAK^ RPPORl 

S T FOGELSON, M D , and D E SHOCH, Pii D 

CHICAGO 


Oui results fiom the tieatment of gastro- 
duodenal ulcerative disease with sodium alk}d 
sulfate aie being leported now because this new 
theiapy has alread)' enabled patients with ulcer 
to enter the armed foices, and essential wai 
workers previously incapacitated by this disease 
to return to industry Palmer^ has shown that 
gastroduodenal ulceiative disease is the major 
cause of medical disability in both the English 
and the American forces Since it is usually 
present in male adults during the yeais of their 
gieatest productivity, the impanmcnt of war 
eftort by this prevalent disease is of serious sig- 
nificance Most patients with ulcei are now 
being treated by a routine which has for its goal 
reduction of inti agastric acidit) This type of 
medication has not been completely satisfactory 
because a laige number of patients with gastro- 
duodenal ulcerative disease respond inadequately 
to this orthodox management To date the 
emphasis has been placed on the corrosive action 
of the acid component of the gastric juice, with 
almost complete neglect of the role of pepsin m 
the genesis of ulcer This study was therefore 
undei taken to evaluate the lelative impoitance of 
pepsin m the causation and the therapy of ulcer 
Our objective was to deteimine whether inactiva- 
tion of pepsin, lather than alteration of gastiic 
acidity, would permit healing of the ulcer in a 
patient with gastroduodenal ulcerative disease 
To achieve this goal we investigated the possible 
pepsin-inhibitory action of ( 1 ) the various thera- 
peutic agents used in the treatment of patients 
with ulcer and (2) other compounds whose 
therapeutic value had not yet been investigated 
but which appealed promising 

IN VITRO EXPERIMENTS 
Foi the determination of pepsin we used a 
slightly modified Anson-Mirsky method - which 

From the Department of Surgery and Physiological 
Chemistry, Northwestern University Medical School 

1 Palmer, W L The Stomach and Military 
Service, J A M A 119 1155 (Aug 8) 1942 

2 Anson, M L, and Mirsky, A E The Estima- 
tion of Pepsin with Hemoglobin, J Gen Physiol 16 
59, 1932 Anson, M L Estimation of Pepsin, Trypsin, 
Papain and Cathepsin with Hemoglobin, ibid 22 79, 
1938 


was satisfactory in that the substiate used tvas 
lepioducible and the lesults could be readih 
duplicated This technic made it possible to 
demonstrate that the therapeutic agents ciistom- 
aiily used m the therapy of ulcer inhibit “pep- 
tic’’ activity only tin oiigh change of the hydrogen 
ion concentration and not by direct action on 
pepsin 

These results, confirmed by Kirsner and 
co-w 01 kers,"* led us to our next objective This 
w'as to find a nontoxic material which would 
inactivate pepsin without alteimg intragastric 
acidity m ordei to avoid any changes in body 
chemistr} Dr H B Bull, of the department 
of physiological chemistiy of the Northwestern 
University IMedical School, had shown that 
sodium lauryl sulfate, a surface-active agent, 
w'ould denature a protein such as egg albumin 
in very dilute concenti ations ® Since pepsin is 
a protein we decided to investigate the surface- 
active agents, such as the sulfate esters of the 
straight chain fatty alcohols, e g, sodium lauiyl 
sulfate, sodium palmityl sulfate, sodium steaiyd 
sulfate and sodium oleyl sulfate This group of 
substances was found to inhibit peptic activit) 
m dilute concentrations without altering aciditv 
A combination of the aforementioned four sub- 
stances, sodium alkyl sulfate, was almost as 
efifective a pepsin inhibitor as any one of 
these compounds used individually Therefore, 
sodium alkyl sulfate w'as used m our furthei 
work because it combined efficacy with avail- 
ability 

IN vrvo EXPERIMENTS 

W angensteen. Code and associates ® have 
shown that dogs will die of gastroduodenal ulcer 

3 Shoch, D , and Fogelson, S J Studies on Peptic 
Inhibition, Proc Soc Exper Biol & Med 50 304, 1942 

4 Warren, I A , Front, J , and Kirsner, J B 
The Effect of Antacid Therapy on the Peptic Activity 
of Gastric Juice in Man, Gastroenterology 1 102, 1943 

5 Bull, H B , and Neurath, H The Denaturation 
and Hydration of Proteins 11 Surface Denaturation of 
Egg Albumin, J Biol Chem 118 163, 1937 

6 Walpole, S H, , Varco, R L , Code, C F, and 
Wangensteen, O H Production of Gastric and 
Duodenal Ulcers in the Cat by Intramuscular Implanta- 
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or Its complications in about thirty days if given 
daily injections of massive doses of histamine m 
a liquid petrolatum-beesv ax base Following 
Code’s personal instructions, we were able to 
confirm their findings We found the gastric 
secretion of these animals to have not only the 
high acid values reported by Wangensteen but 
also marked peptic activity 

The next study was to determine the effect of 
altei mg this gasti ic secretion so that the elevated 
acid component remained but the pepsin was 
inactivated Another group of dogs was given 
daily injections of massive histamine doses but 
were fed m addition ten 0 1 Gm capsules of 
sodium alkyl sulfate at hourly intervals every 
day The addition of the sodium alkyl sulfate 
was found to inactivate the pepsin during the 
twelve houi observation period without changing 
the high gastric acidity The survival time of 
this series of dogs was prolonged to well over 
two hundred days in approximately half the 
animals 

DETERMINATION OF \ NONTOXIC DOS \GL 
or SODIUM ALKYL SULFATE 

Since surface-active agents, such as sodium 
alkyl sulfate, are believed to be toxic® and are 
able to denature not only pepsin but also trypsin 
and othei pioteins,® we fed IS kilogram dogs 
2 Gm of sodium alkyl sulfate per day and after 
ten months found no alteration m the red blood 
cell count, the white blood cell count, the hemo- 
globin, the blood pioteins oi the urine and no 
loss in body weight Sections of liver and kidney 
from dogs which had been treated for seven 
months were normal One of us (S J F ) took 
1 Gm of sodium alkyl sulfate daily for eight 

non of Histamine, Proc Soc Exper Biol & Med 
44 619, 1940 Varco, R L , Code, C F , Walpole 
S H , and Wangensteen, O H Duodenal Ulcer For- 
mation m the Dog bv Intramuscular Injections of a 
Histamine Beeswax Mixture, Am J Physiol 133 475, 
1941 

7 Shoch, D , and Fogelson, S J The Effect of a 
Protein Denaturant on Histamine Ulcers, Quart Bull 
Northwestern Univ M School 16 142, 1942 

8 Hober, R , and Hober, J The Influence of De- 
tergents on Some Physiological Phenomena, Especially 
on the Properties of the Stellate Cells of the Frog 
Liver, J Gen Physiol 25 705, 1942 Smyth, H F , 
Seaton, J, and Fischer, L Some Pharmacological 
Properties of the “Tergitol” Penetrants, J Indust Hyg 

Toxicol 23 478, 1941 Epstein, S , Throndson, A 
H , Dock, W , and Tainter, M L Possible Deleterious 
Effects of Using Soap Substitutes in Dentn flees, J Am 
Dent A 26 1461, 1939 Hatton, E H , Fosdick, L S , 
and Calandra, J The Toxicity and Rubefacient Action 
of Sulfated Higher Alcohols, J Dent Research 19 87, 
1940 

9 Anson, M L The Denaturation of Proteins bj. 
Sinthetic Detergents and Bile Salts, J Gen Ph\siol 
23 239, 1939 
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weeks without toxic effect These negatne re- 
sults plus the results of additional studies on rats 
and rabbits by Dr R K Richards, of the Abbott 
Laboratories, demonstrated that sodium alk}l 
sulfate w'as probably not toxic in the doses used 
by us 

CLINICAL OBSERVATIONS 

A clinical study w^as undei taken on patients 
wdiose ulcers were consideied inti actable because 
the s 3 miptoms could not be controlled bj ain 
known therapy Some of these patients had 
undergone one or moie gastric resections The 
quantity of sodium alkyl sulfate administeied 
was governed by tw^o factors Our fiist objec- 
tive was to inactivate the pepsin of the gasti ic 
secretion, and our second, to avoid toxic effects 

Study of the Wangensteen dogs, w'hich are 
marked hyperseci etors of a highly acid gastric 
juice iich in pepsin, demonstrated that 0 1 Gm 
of sodium alk 5 d sulfate would inactivate all the 
pepsin secreted m one hour The human patient 
secretes moie pepsin than the dog This dose 
did not inactivate all the pepsin in the patient 
with ulcer but was used because clinical trial 
demonstiated freedom from toxicity 

Added experience has shown that a routine 
consisting of 0 2 Gm of sodium alkyl sulfate 
followed in an houi by 3 ounces (84 cc ) of a 
milk and cream mixtuie gives better results 

Sodium allcyl sulfate should be administeied 
alone because Kirsner and co-workers have 
shown that the phospholipids contained in milk 
and other foods have an inhibitory effect on the 
pepsin-inactivating powder of sodium alkjl sul- 
fate All antacids were omitted Pam or pyrosis 
was controlled by gastric aspiration When the 
subjective symptoms were controlled, the dietary 
legimen was supplemented with the customary 
high caloric, high vitamin ulcer diet, containing 
liberal portions of bland, smooth bulk or pureed 
vegetables Constipation, if present, w'as treated 
by enema as indicated 

Results — In a series of 34 patients wnth ulcci 
considered intractable because it did not lespond 
to previous therapj, including surgical intciven- 
tion in 5 instances, there w'ere 26 satisfactory 
results and 8 failures following sodium alkyl 
sulfate therapy In most of the patients respond- 
ing to sodium alkyl sulfate there was marked 
improvement wuthin ten days, although no result 
was classified as a failure until the tieatment 
had been given a thirty day trial 

REPORT or C^SES 

Case 1 — Ihe first patient treated was 40 \cars old 
wdien admitted to the Cook Count\ Hospital in August 

10 Kirsner, J B Personal communication to the 
authors 
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1939 He had experienced “indigestion” for ten years 
A diagnosis of duodenal ulcer was made A medical 
management with alkaline powders and frequent meals 
was started, and he was placed m a convalescent home 
where he remained until April 1940 He was then re- 
admitted to the hospital for additional therapy because 
his ulcer was still active 




In Mav 1940 a stenosing duodenal ulcer was found 
by surgical exploration and a partial gastric resection 
was done with a posterior end to side anastomosis He 
was returned to the convalescent home and kept under 
medical management Despite this, symptoms recurred 
In April 1941 se\ere gastric hemorrhage necessitated 
rehospitalization At this time a diagnosis of marginal 
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Charts 1, 2 and 3— Results of in Mtio studies of the therapeutic agents customanlv used in the therapy of 
gastric ulcer aluminum hydroxide (J), aluminum phosphate (2) and magnesium tnsihcate (5) In all tlie charts 
line A represents the activity of pepsin and line B the pn The graphs shown at the left represent the result 
when the agent was unbuffered , those at the right, the result when the agent was buffered All three sets of charts 
show that increasing concentration of the agent decreases peptic activity only when the agent is unbuffered 

Chart 4 — Increasing concentration of gastiic mucin decreases peptic activity only when the gastric mucin is 
unbuffered 
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ulcer was confirmed by roentgenogram A radical sub- 
total resection was done in July The patient returned 
to the convalescent home, where he was kept under 
ulcer management His symptoms recurred in two 
months and could not be controlled despite strict ad- 
herence to the antacid routine at the sanatorium 
He was readmitted to the Cook County Hospital m 
April 1942, where the diagnosis of marginal ulcer was 
confirmed by gastroscopic examination The alkaline 
powders were replaced by 0 1 Gm of sodium alkyl 
sulfate on the half hour with a milk and cream mixture 
on the hour On April IS, after two weeks of sodium 
alkyl sulfate therapy, the patient had practically no pain, 
and gastroscopic examination showed the ulcer to be 
50 per cent smaller, which explained the subjective im- 
provement On April 29 the stoma could not be visual- 
ized, but the gastric mucosa “was normal in color 
instead of being fiery red as seen on the last visualiza- 
tion ” May 6, after slightly over one month’s therapy 
with sodium alkyl sulfate, the gastroscopic report was, 
“ no ulceration was seen, there was no edema 

and acute inflammation had entirely left the stomach ” 
On May 20 the gastroscopic report was, “ no 

ulceration was seen, and the mucous membrane was 
apparently intact throughout The rugal markings were 
a little more red than normal and apparently slightly 
edematous ” Opinion “A normal gastric stump with a 
moderate amount of acute superficial gastritis ’’ 



Chart 5 — Sodium alkyl sulfate decreases peptic ac- 
tivity without any alteration m ps Note effective- 
ness of dilute concentrations A represents activity of 
pepsin, B, pn 

This patient was discharged May 22, 1942, well enough 
to leave a hospital or a convalescent home for the first 
time in two and one-half years He immediately took 
a ten hour a day job in a foundry and despite warning 
stopped both medication and diet By November he 
again had symptoms of ulcer which required hospitali- 
zation Another marginal ulcer was visualized but 
responded to treatment with sodium alkyl sulfate On 
March 8, 1943 this man was symptom free and self 
supporting 

Case 29 — A diagnosis of duodenal ulcer was made in 
1931 in regard to a 49 year old man He tried almost 
every known therapy for the ulcer without relief until 

1941, when gastroenterostomy was done This afforded 
no relief, and he was a patient either in the Northwestern 
University Medical School Clinic or the Wesley Me- 
morial Hospital for one year During this time varied 
orthodox routines were tried He adhered faithfully 
to the prescribed regimens without relief On June 6, 

1942, gastroscopic examination demonstrated a lesser 
curvature, prepyloric and a gastrojejunal ulcer, each 


about 2j4 inches (6 cm ) in diameter The sodium allcyl 
sulfate routine was started, with marked diminution of 
subjective symptoms within four days On June 30 
gastroscopic study revealed almost complete healing of 
both ulcers He was discharged from the hospital July 
25 During his stay in the hospital the routine labora- 
tory findings remained unchanged except the icteric 
index, which on June 25 was 12 5 Subsequently it 
returned to 5 3, where it remained 

November 9 he reentered the hospital, complaining of 
vomiting with complete absence of pain November 10 
the gastroscopic report indicated complete healing of the 
gastric and stomal lesions A gastric resection was done 
then, and the pathologist’s report was, “ no break m 
the mucosa, some injection and some hemorrhage in the 
mucosa with perivascular and lymphatic infiltration ’’ 

These two large ulcers had healed, and they remained 
healed, despite obstruction, while the patient followed 
the sodium alkyl sulfate routine 

COMMENT 

The lole of pepsin in the formation of ulcei 
may now be leevaluated Our studies have 
shown that the antacids customaiily used clin- 
ically m the management of patients with ulcer 
inhibit peptic activity indiiectly thiough change 
in gastric acidity Dogs given daily injections 
of massive doses of histamine and fed sodium 
alkyl sulfate showed no change m gastiic acidity, 
only inactivation of pepsin These animals j 
exhibited maiked prolongation of suivival time 
as contrasted with a similar senes of animals 
not treated with sodium alkyl sulfate In addi- 
tion, healing was visualized by gastioscope in 
patients not responding to any othei medication, j 
including 2 patients who had undeigone exleii- I 
sive gastric lesections Anothei patient, with i 
an active gastio jejunal ulcei, was treated with 1 
sodium alkyl sulfate He subsequently required ' 

gastric lesection foi obstruction The resected ■ 

specimen demonstiated histologic evidence of i 
healing of the ulcer | 

All this suggests reevaluation of the destine- | 
tive factoi s in the genesis of ulcei i 

Fiom these studies, may we not consider the i 
possibility that the satisfactory clinical results 
obtained with antacids have been achieved by * 
indirect inactivation of pepsin through change 
of the hydrogen ion concentiation lathei than 
by neutralization of gastiic acidity pei se^ 

Acid IS important Without acid theie is no 
ulcei But without acid there is no peptic activ- 
ity The advantage of the routine suggested by 
us permits inhibition of peptic actnity with a 
minimum of disturbance to body chemistry 

Research with sui face-active agents has enabled 
us to separate the eftect of peptic digestion fiom 
acid erosion This has given encouraging re- 
sults which will be further pursued in the attempt 
to clarify the enigma of ulcer and possibly afford 
a new -^nd effective rationale of therapy for 


'TTKUHl tib Ot xAi 1 J^KI^AL MEDICINE 


''zio 

ulcei s that ai e resistant to orthodox management 
A.t present, this clinical research is in its infancy 
Further clinical expeiience has shown that the 
dosage may be safely increased two or three fold, 
although an occasional patient finds sodium 
alkyl sulfate irritating 

We are in complete accordance with Wmkel- 
stem,’^^ who expects that “a new ulcei therapy 
should demonstrate (1) that it is rational, (2) 
that it IS practical and (3) that it produces 
prompt and more persistent lesults than othei 
forms of therapy ” We add the stipulation, 
however, that a new foim of ulcei therapy must 
heal ulcers which have not responded to the other 
types of therapy The Abbott Laboratories aie 
cooperating in supplying us with sufficient ma- 
terial so that sodium alkyl sulfate is being dis- 
tiibuted to clinicians who will assist in its 
theiapeutic evaluation The product will be 
released to membeis of the medical piofcssion 
only if It continues to demonstiate meiit 

SUMMARY AND CONCLUSIONS 

Sodium alkyl sulfate, a sui face-active agent, 
was well tolerated by patients who were given 
0 2 Gm evei y two hours tin oughout the day 

11 Winkelstein, A , Cornell, A , and Hollander, F 
Intragastnc Drip Therapy for Peptic Ulcer, JAMA 
120 743 (Nov 7) 1942 


No toxic effects occuiied in eithei the expeii- 
mental animal or man in the course of seven 
months’ administration of this dose 

The survival time of dogs treated according 
to the Wangensteen technic with massive daily 
doses of histamine was maikedly prolonged by 
the oral administration of sodium alkyl sulfate, 
which inactivated the pepsin in the stomach and 
did not alter the acidity 

All patients sent to us foi clinical trial of 
sodium alkyl sulfate were classified as ha-\ing 
“intractable” ulcer by then physicians because 
their symptoms could not be controlled by an} 
orthodox management, including surgical ther- 
ap} m 6 Twenty-six of 34 patients with gastro- 
duodenal ulcei citive disease had their s}inptoms 
controlled by sodium alkyl sulfate and were ph} s- 
ically lestored so that they were accepted by 
eithei the armed forces oi industry 

Eight patients obtained no relief fiom this 
theiapy Two have already had recurrences on 
cessation of medication despite definite healing 
of the original lesions Sodium alkyl sulfate is 
therefore not a panacea for all patients \\ ith ulcei 
It does not cure the patient who is subject to 
ulcers Init it will permit healing of some ulcers 
that are resistant to all othei known types of 
management 
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PRIMARY ATYPICAL PNEUMONIA 

AN ANALYSIS OF SEVEN HUNDRED AND THIRTY EIGHT CASES OCCURRING DURING 

1942 AT SCOTT FIELD, ILL 
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MEDICAL CORPS, ARMY 

Pi imai y atypical pneumonia as a clinical entity 
lias only lecently received prominent attention 
It IS usually a mild disease, differing widely 
fiom the classic lobai and bionchial pneumonias, 
it IS communicable, has a piolonged period of 
incubation and is pi one to occui m militaty 
Lamps, schools and other groups with frequent 
intimate contacts It is a nonbacteiial disease 
It IS characterized by insidious onset, coughing 
and progiessive malaise, there is usually a biief 
febiile period duimg which the pulse and the 
lespiration are relatively slow and there is a 
lelative or absolute leukopenia, with minimal 
early signs of pneumonia but with the rales 
persisting aftei the roentgenogi am appeals 
normal 

There is little evidence that this is a new dis- 
ease since leports of a similar pneumonia extend 
back into the nineteenth century Stansfield,^ 
m 1923, discussed the pulmonary involvement m 
12 cases of grip Cole and MacCallum," sum- 
marizing data on pneumonias occurring m mili- 
taiy camps m 1918, mentioned one type of bron- 
chopneumonia with pathologic changes similar to 
those of primary atypical pneumonia Leich- 
lenstern,^ reviewing the influenza epidemic of 
1889, likewise commented on certain pneumonic 
complications unlike those in the majority of 
cases of influenzal pneumonia Delafield,^ in 
1884, described a “rare” subacute bronchopneu- 
monia of adults Interstitial pneumonia has been 
detected m preserved lungs of soldiers of the 
Civil War, and pneumonia following measles m 
the Wai of 1812 has been mentioned “ All 
these m certain lespects resemble the cuirent 
torm of atypical pneumonia 

1 Stansfield, OH A Pulmonary Sequel of 
Influenza, Boston M & S J 188 734 (May 10) 1923 

2 Cole, R , and MacCallum, W G Pneumonia 
at a Base Hospital, J A M A 70 1146-1156 (April 
20) 1918 

3 Leichtenstern, O Influenza und Dengue, in 
Nothnagel, H Specielle Pathologie und Therapie, 
Vienna, A Holder, 1896, vol 4, pt 1, pp 1-222 

4 Delafield, F The Pathology of Broncho-Pneu- 
monia, Boston M & S J 111 484-487, 1884 

5 Wall, J S Interstitial Bronchopneumonia in 
Children, South M J 30 201-206 (Feb) 1937 


OF THE UNITED STATES 

However, the inci easing occui lence of at) pical 
pneumonia m the past few years cannot be attrib- 
uted solely to increased lecognition In leports 
covering peiiods of several years, Bowen ® m 
Hawaii, Miller and Hayes ^ at the Univei sity of 
Oregon, Smiley, Showacre, Lee and Ferns ® at 
Cornell University, Murray ^ at Harvai d Uni- 
versity, McKmlay and Cowan at the Univer- 
sity of Minnesota, Gallaghei and Goodrich 
and Bradford have described a steadily increas- 
ing incidence of this disease 

The majonty of cases have been repoited fiom 
mihtaiy establishments Bowen ° m 1935 de- 
scribed 120 cases in the armed foices at Hawaii, 
and Allen at Fort Sam Houston, Texas, gave 
impetus to its recognition Over 1,750 cases 
have so far been reported from these military 
posts and from those in Louisiana,^* Texas, 

6 Bowen, A Acute Influenza Pneumonitis, Am 
J Roentgenol 34 168-174 (Aug ) 1935 

7 Miller, F N , and Hayes, M G Broncho- 
pneumonia of Mild Severity at University of Oregon, 
Northwest Med 38 12-14 (Jan ) 1939 

8 Smiley, D F , Showacre, E C , Lee, W F, and 
Ferris, H W Acute Interstitial Pneumonitis A 
New Disease Entity, JAMA 112 1901-1904 (May 
13) 1939 

9 Murray, M E Atypical Bronchopneumonia of 
Unknown Etiology, Possibly Due to a Filterable Virus, 
New England J Med 222 565-573 (April 4) 1940 

10 McKmlay, C A , and Cowan, D W Acute 
Respiratory Infections Including Lobar Pneumonia and 
Atypical Pneumonia in a Young Adult Group, Journal- 
Lancet 61.125-133 (April) 1941 

11 Gallagher, J R Acute Pneumonitis Report 
of an Epidemic, Yale J Biol & Med 13 769-781 
(July) 1941 

12 Goodrich, B E , and Bradford, H A The 
Recognition of Virus Type Pneumonia, Am J M Sc 
204 163-179 (Aug) 1942 

13 Allen, W H Acute Pneumonitis, Ann Int 
Med 10 441-446 (Oct) 1936 

14 (a) Moore, G B , Tannenbaum, A J , and Smaha, 
T G Atypical Pneumonia in an Army Camp, War 
Med 2 615-622 (July) 1942 (b) Dingle, J H , and 
others Primary Atypical Pneumonia, Etiolog\ Un- 
known, ibid 3 223-248 (March) 1943 (c) ^McCarthy, 
P V Primary Atypical Pneumonia of Unknown 
Etiology, Radiology 40 344-346 (April) 1943 

15 Duggan, L B , and Powers, W L An Acute 
Respiratory Infection Resembling So-Called Acute Pneu- 
monitis, U S Nav M Bull 40 651-659 (July) 1942 
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Flonda/® Califoi Canada/® North Caio- 

Ima and Panama Only 5 deaths have been 
mentioned, an incidence of 0 3 pei cent 

Studies of ovei 1,100 cases fiom civilian 
souices have been published Seveial of the 
eai ly i epoi ts wei e from England , in this 
countiy atypical pneumonia has been desciibed 
in New Yoik,^- Massachusetts,"® New Jeisey,®^ 
Washington, D C Maiyland,®® Pennsyl- 
vania,®" Viigmia,®® Noith Carolina,®® Ohio,®® 

16 Green, D M , and Eldndge, F G Primary 
Atypical Pneumonia, Etiology Unknown, Mil Surgeon 
91 503-517 (Nov) 1942 
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Primary Atypical Pneumonia — A Report of Twenty- 
Five Cases, Mil Surgeon 91 499-502 (Nov ) 1942 
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Atypical Pneumonia of Unknown Etiology, Radiology 
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20 Campbell, E T Primary Atypical Pneumonia 
and Malaria, War Med 3 249-255 (March) 1943 

21 (a) Scadding, J G Lung Changes in Influenza, 

Quart J Med 6 425-465 (Oct) 1937, (Jb) Dis- 
seminated Focal Pneumonia, Brit M J 2 956- 
959 (Nov 13) 1937 (c) Gill, A M Pneumo- 
nitis, ibid 1 504-507 (klarch 5) 1938 (d) Maxwell, 
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Pulmonary Inflammations Associated with Transient 
Radiographic Shadows, Quart J Med 8 79-95 (Apiil) 
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22 (a) Kneeland, Y, Jr, and Smetana, H F Cur- 

rent Broncho-Pneumonia of Unusual Character and 
Undetermined Etiology, Bull Johns Hopkins Hosp 67 
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23 (a) Gallagher, J R Bronchopneumonia in 
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Observations, Complications and Treatment of Acute 
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Michigan,^® Minnesota,®’- Illinois,®® Oklahoma,®® 
Texas, ®‘‘ California ®® and Oregon ®’® In gen- 
eial these cases seem to be more severe, with 
26 deaths rcpoited (2 4 pei cent) This is not 
unexpected, as the patients with the milder 
attacks of the disease either aie not seen by 
physicians oi aie tieated at home 
The nomenclatuie of this disease has become 
confused because of the uncertain etiology 
Etiologic teims such as “acute influenza pneu- 
monitis,” ® “influenzal pneumonitis” ®® and “pii- 
maiy virus pneumonitis”®’® lack laboiatory 
confiimation “Disseminated focal pneumo- 
nia” ®”' has been pioposed on the basis of the 
1 oentgenogi aphic appearance, “atypical pneu- 
monia with leukopenia” ®’ emphasizes a labora- 
toiy finding, “acute interstitial pneumonitis”® 
1 eflects the microscopic appearance Such terms 
as “pneumonitis” or “acute pneumonitis” ’® do 
not seem sufficiently limiting At present the 
most popular names indicate the uncertain etiol- 
ogy “atypical pneumonia,” ®®’’ “atypical broncho- 
pneumonia,” ” “bronchopneumonia of unknown 
etiolog}’-,” ®® or the official military diagnosis, 

M A 111 2377-2384 (Dec. 24) 1938 (b) Reimann, 

H A , and Havens, W P An Epidemic Disease of 
the Respiratory Tract, Arch Int Med 65 138-150 
(Jan) 1940 
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276 (Feb) 1942 

29 Moss, J Some Features of “Virus Pneumonia,” 
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30 Hufford, C E , and Applebaum, A A Atypical 
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351-360 (April) 1943 
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(c) Adams, J M , Green, R G , Evans, C A , and 
Beach, N Primary V irus Pneumonitis, J Pediat 20 
405-420 (April) 1942 (d) McKinlay and Cowan 

32 Rhoads, P S The Probable Incidence and 
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327-338 (April) 1943 
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“piimaiy atypical pneumonia, etiology un- 
known ” 

In 1942, at the Station Hospital, Scott Field, 
799 patients weie tieated foi pneumonia 
Twenty-foui had typical lohai pneumonia, 775, 
hi onchopneumonia Among the latter weie 
738 patients with clinical and laboiatoiy find- 

Tablc 1 — Types of Onset of Atypical Pneumonia 
(Seven Hnndicd and One Cases) 


Cases 

Asymptomatic onset Patients admitted because routine 


roentgen films revealed pulmonary cloudiness C 

Onset with cough 247 

Cough, gradual development of malaise, flnallj 
fever 214 

Cough and pleuritic pain 20 

Cough without other symptoms 13 

Abrupt onset 2C0 

Sudden malaise and coughing 175 

Malaise Initially, cough soon following 55 

Malaise initially, cough late if at all 30 

Onset with corszal symptoms 122 

Miscellaneous GO 

Predominant symptom 

Sore throat, mild phar\ngeal injection 32 

Sore throat, acute follicular tonsillitis 8 

Laryngitis 9 

Malaise following tjphoid vaccinations 9 

Nausea, vomiting and/or diarrhea 8 


mgs suggestive of a nonbactenal cause The 
remaining 37 patients suffered from the moie 
widely recognized types of pi unary or secoiidaiy 
bacterial hi onchopneumonia The atypical pneu- 
monia varied from that obseived in a few ciiti- 
cally ill patients to the milder forms which 
seemed no more seiious than the ordinary 
“cold ” Hospitalization vaiied fiom a few days 
to several months, and thei e was a distinct 
seasonal variation Yet clinically this whole 
group exhibited sufficiently uniform signs and 
symptoms to be classed togethei as having pri- 
mary atypical pneumonia 

CLINICAL FINDINGS IN THE SEVEN HUNDRED 
AND THIRTY EIGHT CASES 
OCCURRING IN 1942 

Type of Onset — The explosive onset of pneu- 
mococcic lobai pneumonia was rarely seen in 
the atypical disease A characteiistic histoiy 
(table 1) was as follows There had been bouts 
of coughing foi several days , the patient began 
to feel tiled and weak, theie was intermittent 
chilliness, as well as fevei and diaphoiesis True 
1 Igors weie not piesent m any of these cases 
Early the cough was nonpioductive , the parox- 
3 ’^sms often occuiied following a change in posi- 
tion, especially during the night and on awaken- 
ing in the morning Pleuritic pain was rare, 
but substeinal aching with coughing or deep 
bieathmg was almost the rule 

37 Primal y Atypical Pneumonia, Etiology Unknown, 
editorial, War Med 2 330-333 (March) 1942 


On the othei hand, symptoms at tunes de- 
veloped lapidl}, though laieh in less than one 
to two days In these cases malaise, aching, 
chilliness and fevei hei aided the illness, with 
cough following in fiom one to foui days In 
1 patient cough was never piesent Hence the 
diagnosis was occasionally established prioi to 
the piesence of pulmonaiy s}mptoms 

The thud large gioup of patients had symp- 
toms indistinguishable fiom those of coryza 
sneezing, nasal dischaige, phaiyngeal nutation 
with associated cough and mild discomfort 

Analysis of the types of onset showed a definite 
seasonal variation (table 2) During the sum- 
mer months the onset was moie abiupt and as a 
rule the course was mildei, lequinng shortei 
hospitalization Duiing the wmtei the gradual 
onset with cough oi mild coijzal symptoms 
piedommated 

Intel vaV Between Admission to Hospital and 
Diagnosis of Pneumonia — Early findings in 
atypical pneumonia were usually not piominent 
but weie sufficiently cleai to enable the diagnosis 
to be made within the first twenty-four hours 
ni 57 per cent of the cases, howevei, 9 per cent 
were not conectly diagnosed within the first 
week In ceitain cases pneumonia was sus- 
pected foi the fiist time when an apparently 
simple lespnatory infection did not subside 
lapidl) In others it was masked by conditions 
such as asthma or measles Fuither, there was 
ahvays the question of cioss infection m the 
ivards 

Findings m Chest — The most consistent single 
finding was moist rales Plowevei, other changes 


Table 2 — Monthly Vauation m Incidence of Types of 
Onset of Atypical Pneumonia 


1912 

Abrupt Onset 

Cough 

Ooryza 

January 

10 

14 

3 

February 

7 

G 

C 

March 

G 

13 

6 

April 

15 

23 

3 

May 

C 

10 

3 

June 

15 

15 

5 

July 

IG 

33 

0 

August 

38 

20 

17 

September 

35 

14 

IG 

October 

39 

29 

20 

November 

25 

27 

20 

December 

18 

37 

15 


alone oi in combination weie often piesent 
(table 3) In almost half the cases the chest 
levealed nothing unusual on admission examina- 
tion, but in all but 49 it did subsequently dis- 
close physical findings (table 4) 

The lales usually heard early in atypical pneu- 
monia weie fine “sticky” crepitations, occurring 
in Shoivers at the end of fairly deep inspirations 
and accentuated by coughing As the disease 
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progiessed, the lales became loudei and coarsei 
and were heard during a greatei portion of the 
inspirator}'- phase and later duiing the complete 
respiratory cycle It was during this stage that 
dulness, diminished breath sounds and decreased 
fremitus were sometimes evident At times the 
coarse ikies faded piomptly, but often they pei- 


Table 3 — Thotacic Findings on Admission to Hospital 
(Seven Hnndied and Tlnity-Foui Cases) 



Cases 

Per Cent 

Chest clear 

327 

45 

Moist rales 

274 

37 

Roueh breath sounds 

C4 

87 

Bhonchi 

39 

52 

Ilulness 

SO 

27 

Friction rub 

S 

11 

Increased breath sounds 

a 

08 


sisted aftei the loentgenogiaphic changes had 
disappeared and the patient was well along in 
his convalescence At times the rales changed 
to a variety of ihonchi before disappearing 
Dingle and Ins associates have graphed the 
relationship of the chest findings to the roentgen 
appearance, indicating that the roentgenogiam 
detects pneumonic changes earlier and cleais 
more rapidly than is suggested by the clinical 
findings Duggan and Poweis^® also empha- 
sized the persistence of rales 
When pulmonary disease was appaient, the 
involved lobe or lobes were usually readily iden- 
tified Rales heard postenoily suggested lesions 
of the lower lobe and those heard antenorly 
lesions of the uppei lobe When no signs in 
the chest were noted, the patient occasionally 
indicated the site of involvement by complaints 
of “fulness" or “aching” in one side of his chest 


Table 4— Summary of All Thoraac Evidences of 
Disease Observed Duiing Hospitalization (Seven 
Hnndied and Thnty-Four Cases) 



Oases 

Per Cent 

Moist rales 

5iS 

75 

Pine 

469 

64 

Coarse 

160 

22 

Roughened breath sounds 

191 

20 

milness 

163 


Bboncbi 

103 

14 

Bronchial breathint 

52 

7 1 

plminlshed fremitus 

32 

4 4 

Friction rub 

13 

1 3 

Flatness (without efiusion) 

5 

07 

Whispered pectoriloquy 

4 

0 6 

No findings 

49 

67 


Also, there was often a history of inci eased dis- 
comfort or uncontrollable coughing when lying 
on the affected side 

Relahon of Findings in Chest to Seventy of 
Illness — One of the most atypical featuies of 
this pneumonia was the complete dissociation 
between the findings in the chest and the extent 
of the patient’s symptoms, disability, fevei and 


other complaints oi between either of these fac- 
tois and the i oentgenographic appeal ance of 
pulmonary cloudiness There might be an 
apparently clear chest, veiy slight haziness on 
the roentgen film, yet an acutely ill patient On 
the othei hand, loud rales may have been heard 
widely 01 the roentgenogram may have shoun 
patchy cloudiness thioughout a lobe while the 
patient was only slightly uncomfortable This 
was particulai ly true in cases in which roentgen- 
ograms nevei revealed definite pneumonia, jet 
the clinical coiiise was indistinguishable from 
that of atypical pneumonia 

CLINICAL COURSE OF ATYPICAL 
PNEUMONIA 

Illness Pilot to Hospitahcation — Symptoms 
usually preceded the admission of the patient to 
the hospital by one to seven days, occasionallv 
weeks wdien a chronic cough w ould not "break ” 



I'lg ] — The usual febrile course as seen in 2 
patients with atjT'cal pneumonia The pulse and 
rcspiratorj rates are relatnelj’^ low' 

That acute symptoms of w'eakness, aching and 
fever infrequently persisted over tw'enty-four 
houis IS indicated in the fact that the intensive 
schooling the men received demanded full mental 
and physical faculties The length of the illness 
prior to hospitalization in the winter (six to 
eight days) was practically double that of mid- 
summer (thiee to five) 

Dination of Illness — ^The average period of 
hospitalization w'as twenty-seven days, varying 
from tw'enty in summer to twenty-nine in earl) 
winter Of this total, patients were acutely ill 
an average of onlj' three and four-tenths davs 
(two and one-tenth days in summer, fotii and 
nine-tenths days in w'lnter) 

Fever — In atypical pneumonia, unlike the 
common infections of the lespiratory tiact fevei 
was seldom at the peak on admission but fre- 
quently was at the peak w'lthin the first forty- 
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eight liouis Temperatuies ranged from normai 
thioiighout hospitalization to 106 6 F The 
average peak foi all cases was 102 8 F The 
dniation of tempei atm es ovei 100 F averaged 
five days , that of tempei atures ovei 99 F seven 
and five-tenths days (figs 1 and 2) 

Patients with high fevei weie quite uncom- 
foi table, especially if there was associated uncon- 
tiollable coughing However, theie was no 
comparison between a j^atient having atypical 
pneumonia with a temperatuie of 104 F and a 
similar patient v itli lobai pneumonia The 
foimer appealed flushed and ill at ease but in no 
acute distiess, occasionally sitting up in bed to 
lead or conveise (fig 3) Reimann has 
mentioned a biphasic type of fevei, suggestive 
of virus infection, but it was not chai acteristic 
m this series 


hospitalization, was noted m 84 cases (12 pei 
cent) The bronchoscopic findings of inflamed 
leadily injured mucosa by Dingle and co- 
workers and the pathologic findings of ulcer- 
ated bronchial mucosa explain this tussive blood- 
sti eaking 

Sore TJvoat, Pam — The pharynx was often 
quite injected but seldom actually red as in 
exudative phaiyngitis However, Green and 
Eldridge stated that led, congested, swollen 
throats were almost mraiiably piesent, and 
Reimann and Havens noted that 92 pei cent 
of their series had inflamed mucous membianes 

The charactei istic dry and hacking cough often 
caused a “raw throat”, “burning” tiacheitis, 
marked substernal aching, pain along the iib 
maigins, pain and occasionally tenderness with 
slight rigidity of the abdominal muscles, usually 



Fig 2 — A, roentgenogram of the chest in case 1 on the second hospital day This illustrates the classic cloudv 
mottling projecting from the hilar region 

B, roentgenogram of the chest in case 2 on the second hospital day An unusual form of atypical pneumonia 
with accentuation of the bronchovascular markings extending into the right costophrenic angle 


Pulse and Respnatoiy Rates — The pulse and 
the respiration were typhoidal The pulse was 
full but not rapid, the respiration, deepened but 
not accelerated The pulse rate was usually a 
moie accurate guide than the tempei ature to the 
extent of pulmonary disease, as a rising pulse 
late suggested spreading pneumonia (fig 4), 
and a slow pulse in the face of a high, pei distent 
fever indicated little cause foi alaim Seriously 
ill patients with lapid respiration were usually 
benefited by oxj'gen even though cyanosis and 
djspnea were absent 

Hemoptysis — In 2 cases there was copious 
hemoptysis of bright red blood In neither was 
the cause detected, and there was complete sub- 
sidence of bleeding as the disease legiessed 
Blood-streaked sputum, eithei befoie or duiing 


in the epigasti ic region , pain along the pelvic 
attachments of the abdominal musculature In 
1 patient this pain m the lower part of the 
abdomen was interpreted as appendicitis, how- 
ever, the appendix and other abdominal visceia 
appeared normal at operation Green and Eld- 
1 idge have also reported a case in which 
appendectomy was performed because of the 
pain in the lower part of the abdomen 

Splenic Enlaigement — Longcope"°“ noted 
that 12 per cent of his patients had splenomegaly , 
however, in the present senes no splenic or 
hepatic enlargements were detected 

Convalescence — There was no sharp demar- 
cation between the acute and the convalescent 
stage of atypical pneumonia as typified by the 
Cl ISIS of pneumococcic pneumonia Rather, the 
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fevei slowly diminished, and the cough which had 
been nonpioducti've began to “loosen” with pio- 
duction of tenacious cleai phlegm Theie le- 
mained, howevei , a pei lod of debility which was 
difficult to explain solely on the basis of pul- 
monaiy disease Foi weeks and e^en months 
the patient had little energy, tiled easily and 
had insufficient appetite to i egam the \^ eight lost 
during the early stage This piobably accounts 
for the longer hospitalization of patients in army 
camps than in civilian life, as dischaige fiom a 


Relation of Age to Coiase of Illness — Patients 
langed m age from 17 to 46 Within these 
limits theie was no definite i elation of age to 
seventy oi length of illness 

LABORATORY FINDINGS 

Roentgenologic Examination — The roentgen- 
ogram IS the most important aid in the diagnosis 
of atypical pneumonia, as it may establish early 
the presence and the extent of the pulmonary 
lesion Plowever, it is not the sole means of 



Fig 3 (case 3) — A, roentgenogram of the chest taken when the patient was admitted to the hospital Note 
the patchy areas of consolidation in the midportion of the lower lobe of the left lung 

B, roentgenogram of the chest on the fourth day The-e is confluent mottling throughout the low'er lobe and the 
lower portion of the upper lobe of the left lung 

C, roentgenogram of the chest on the twelfth day All lobes are at least partially involved wnth the consolida- 
tions of atypical pneumonia 

D, roentgenogram of the chest on the eighteenth daj Onh traces of the pneumonia remain 


station hospital means letuin to active duty 
If too energetic activity was lesumed piema- 
turely, the patient at best had a mild i eactivation 
of coughing and development of fevei , a moie 
serious consequence w^as an exacerbation of his 
pneumonia Frequentty coughing was the last 
symptom to disappear 


diagnosis, an altogethei too prevalent belief 
For example, Duggan and Powders stated that - 
“in a large majority of cases [diagnosis] could 
not be made by any othei means ” 

Roentgenograms taken early reveal accentua- 
tion of the hilar bronchovascular markings on 
one 01 both sides Hazy densities project out- 
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waid towaid the peiiphery of the lungs, having at 
drst a mottled appearance, at times piogiessing 
to a moie uniform cloudiness The process may 
involve small portions of one lobe oi may covei 
one 01 more lobes completely With spread of 
the pneumonia there is again an extension fiom 
the hilar regions Regression is not an absolute 



Fig 4 (case 3) — A critically ill patient with a tem- 
perature of 105 F for eight days However, the pulse 
and respiratory rates indicate the pneumonic changes 
more precisely than does the temperature Figure 3 
reveals that there was steadily increasing consolidation 
during the first twelve days 

reversal, as the entire pneumonic area begins to 
fade at once, although the intensification of the 
bronchovascular markings is usually the last to 
subside Occasionally an area of consolidation 
.seems to enlarge slightly as its density begins to 
diminish 

The average duiation of pulmonaiy consolida- 
tions 111 uncomplicated cases was nineteen days, 
as determined by seiial roentgen films taken 
usually at seven day intervals 

Classifications of roentgenograms sti ess the 
various stages of the disease, e g , accentuation 
of hilar markings with piojections toward the 
periphery, which McCarthy found to be most 
common, oi patchy confluent areas of density, 
or generalized increase m pulmonary markings 
The most chaiacteiistic pictuie is that of uneven 
densities, or cloudy mottling, as seen m figuies 
1 A and 3 A and B An unusual type is chai- 
acteiized by peiipheral aieas of consolidation, 
sometimes suggestive of early lobai pneumonia, 
as in figure 2 B 

A piedilection foi involvement of a lowei lobe 
was marked, occuiiing in 612 cases (83 pei 
cent), with a slight but definite piedominance 
of the left lowei lobe (table 5) Extensions of 

38 Kornblum, K , and Reimann, H A The Roent- 
genological Aspects of an Epidemic of Acute Respira- 
tory Tract Infection, Am J Roentgenol 44 333-344 
(Sept) 1940 Smilej, Show'acre, Lee and Ferris® 
McCarthy 


the pneumonic process occurred m 64 cases, 
wuth extension to the opposite lung m 40 

The diagnosis of pneumonia was made in IS 
cases (2 pei cent) with no definite roentgen 
changes beyond accentuation of tiuncal mai Ic- 
ings, this seemed justified fiom the clinical 
course and findings Dingle and his associates 
have also noted the difficulty in distinguishing 
between ceitam types of ti acheobronchitis and 
tracheobronchopneumoma 

In 30 cases (4 per cent) the findings m the 
chest suggested pneumonia ivhile the initial 
loentgen films appeared normal, though the later 
ones were confirmatory The detection of pul- 
monary signs prior to loentgenogiaphic evidence 
IS m sharp contiast to the usual minimal findings 
m the eaily stages In 14 cases, m which both 
the roentgen and the thoracic findings were 
negative early but subsequently positive, pneu- 
monia w'as suspected on the basis of the history 
and the general appearance of the patient 

Studies of Sputum — Certain loentgen films 
suggested a tubeiculous piocess Sputums from 
52 patients were studied foi Mycobactei lum 
tubeiculosis In no instance weie acid-fast 
organisms discovered 

Sputums from 275 patients weie examined 
for the presence of Diplococcus pneumoniae 
Gram-positive diplococci weie found in 82 spu- 
tums, but m only 28 weie type-specific pneumo- 
cocci identified Types usually consideied to be 


Tablc 5 — Lobes Involved m Atypieal Pncnmonia as 
Detcumncd by Roentgenography 



Cases 

Imolvement of a single lobe throughout Illness 

677 

Left lung 

317 

Right lung 

?C0 

Lower lobe of left lung 

289 (50%) 

Lower lobe of right lung 

208 (SG%) 

Upper lobe of right lung 

32 (5 5%) 

Upper lobe of left lung 

28 (5 0%) 

Middle lobe of right lung 

20 (3 5%) 

Involvement of more than one lobe on admiosion to the 

hospital 

Lower lobes of right and ieft lungs 

78 

17 (47%) 

Middle and lower lobes of right lung 

10 (13%) 

Entire left lung 

9 (12%) 

Entire right lung 

0 (8%) 

All lobes of both lungs 

4 (5%) 

Other combinations 

12 (15%) 


Significant weie piesent m sputums fiom 6 
patients 1, 2, 5, 7, 9 and 11 The majority of 
the remaining types found were the less signifi- 
cant highei types In no case were the identified 
oiganisms etiologically impoitant from a clinical 
standpoint Cei tain of the cases ruled out of this 
seiies weie cases of bronchopneumonia with 
type-specific pneumococci, marked leukocytosis, 
tachjcardia and i espouse to chemotherap) 
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Blood Counts — A relative leukopenia ^\lth 
lespect to fever and severity of illness was chai- 
acteristic The aveiage leukocyte count on ad- 
mission was 9,860, although the mean value, 
9,080, was moie representative The lowest 
count V as 2,600 , the highest, 30,000 The sum- 
mei leukocyte counts aveiaged distinctly lowci 
(9,200) than the winter ones (10,250) These 
figures tend to confiim the majority of reports, 
although Cass stated that in his series most 
leukocyte counts langed from 2,500 to 4,500 
(80 to 90 per cent polymorphonuclear cells), 
with the lowei counts repiesentmg the moie 
seriously ill patients 

Diffeiential counts were made in only a fen 
cases They showed that fluctuation varied with 
the poll morphonucleai leukocytes and that in 
counts undei 8,000 there were often eosinophils 
up to not more than 10 per cent Longcope 
noted slight eosinophiha m over half of his 32 
cases However, this disease does not appar- 
ently simulate Lofflei’s eosinophilic pneumonia'’® 

\mong patients who were ciitically ill, counts 
of 15,000 to 18,000 were common, uninfluenced 
by treatment with sulfonamide compounds 
With convalescence the leukocytosis usuall) 
diopped parallel with clinical improvement, 
while loiv counts tended to use to normal oi 
slightlj- higher ICneeland and Smetana and 
Curtzwiler and Moore found moderate leuko- 
cjtosis with convalescence in even the milder 
illnesses 

Erythrocyte counts weie normal, although 
during convalescence hemoglobin values were 
often slightly depressed 

Utinalysts — Urinalysis was performed rou- 
tmel), yet in only 8 cases weie abnormalities 
detected Gljcosuria occuried m 2 cases early 
in the illness and disappeared piomptly Albu- 
minuria was observed in 4 instances, in each case 
at the height of the fever, and lasted from one 
to four days None of the patients with tliese 
symptoms was seiiously ill Following the use 
of sulfonamide compounds, transient hematuria 
was detected m 2 patients 

Blood CtiUw cs — In the few instances in 
which blood cultures were made they were nega- 
tive This confirms the observations of Rei- 
mann and of Daniels 

Serologic Tests — The Kahn test was pei- 
formed m 518 cases In 3 cases it was tiansiently 
positive (0 6 per cent) , in only 1 case was it 
positive as long as four weeks Kneeland and 
Smetana reported a similar case 

39 Reimann, H A Infectious Diseases, Arch Int 
Med 64 362-405 (Aug) 1939 


PATHOLOGY 

No patients with uncomplicated atypical pneu- 
monia died Four patients weie extremely sick, 
and though death w^as felt to be imminent, all 
lecoveied One patient, admitted wuth a diag- 
nosis of atypical pneumonia, died of empyema 
w'lth the additional observation at autopsv of 
typical bacterial bronchopneumonia, so that the 
case w'as excluded from this series 

Golden has given an excellent summaiy of 
the pathologic obseivations in “primary intei- 
stitial pneumonia ” In the uncomplicated cases 
there are diffuse wdiitish peribronchial nodules 
The bronchioles aie filled with gross pus con- 
sisting of cellular debris and polymorphonuclear 
leukocytes However, the cellular infiltration 
of the peribronchial tissue is essentiall)- free ol 
polymorphonuclear cells, with lymphocytes 
plasma cells and monoc3des extending into ad- 
jacent aKcolai walls Congestion and edema of 
the lung tissue are common, again free of polv- 
moiphonuclcar leukocytes and bacteria With 
secondary infection, hemorrhage, pol}morpho- 
nucleai leukocytes and fibrin formation become 
jirominent but do not obscure the fundamental 
piocess Othei oigans commonly show altera- 
tions the spleen, congestion but not hyperplasia , 
the liver, minute foci of necrosis , the diaphragm 
Ityahne necrosis of muscle fibers Golden stated 
that these pulmonaiy lesions are not pathogno- 
monic of atypical pneumonia, as similar changes 
arc found m other interstitial pneumonias ot 
known causes 

Thirty-one deaths from atypical pneumonia 
have been reported, including 9 m the severe 
epidemic among infants repoited by Adams and 
his associates The remaining 22 deaths 
occuired in 7 patients wdio apparentl,v w'ere 
overcome by the seventy’’ of the pneumonia 
and who had pleurisy and sterile effu- 
sions , 2 with empy’ema caused by’- Strepto- 
coccus haemolyticus infection , 1 w’ho suc- 
cumbed to intercurrent lobar pneumonia , 2 
who had fatal encephalitic complications , 5 
who had cardiac disabilities 3 who had old 
rheumatic carditis , 1 in whom autopsy le- 

40 Golden, A Interstitial Pneumonitis, Army Med- 
ical Aluseum Study Material, January 1943 

41 Adams sib Adams, Green, Evans and Beach 

42 Lillie, R D , Perrin, T L , and Armstrong, C 
An Institutional Outbreak of Pneumonitis III Histo- 
pathology in Man and Rhesus Monkeys in the Pneumo- 
nitis Due to the Virus of “Q” Fever, Pub Health Rep _ 
56 149-155 (Jan 24) 1941 Eaton, Beck and Pear- 
son Moore, Tannenbaum and Smaha Hufford j 
and Applebaum^® 

43 Reimann 27a Green and Eldndge i® 

44 Reimann 27a Scadding2ib 

45 Longcope 2 Ga Moore, Tannenbaum and Smaha 
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vealed inyocai ditis , 1 , a 79 year old patient, 
whose heal t failed There wei e pathologic 
reports on most of these cases, and the findings 
uniformly included pei ibronchial interstitial 
pneumonia Saphii, describing postmoitem 
observations on 2 patients, mentioned, in addi- 
tion, hyaline membianes lining the pulmonary 
alveoli and mti acytoplasmic inclusions of the 
bi onchial epithelium 

TREATMENT 

No specific therapy is known foi atypical 
pneumonia, so that tieatment is entirely symp- 
tomatic For general malaise in the present senes 
of cases codeine seemed most efficient Acet 5 d 
salicylic acid alone or in combination with aceto- 
phenetidin and caffeine effected prompt falls m 
temperature as a rule and thereby tended to le- 
heve the generalized aching associated with fevei 
Howevei , the accompanying drenching sweat was 
uncomfortable, and the erratic temperatui e curve 
made estimation of pi ogress uncertain As a le- 
sult, routine use of the antipyretic drugs was 
discouraged Sponge baths and alcohol rubs 
had a soothing as well as antip) retie effect 

Most troublesome to the patient and most dif- 
ficult to control was coughing During the 
early nonproductive stage no expectorant was 
tound adequate Codeine and vaiious cough 
mixtuies were routinely employed, with transient 
benefit at best Proprietary cough drops, slowly 
dissolved in the mouth, at times reduced the 
“tickling” in the thioat With paioxysmic 
coughing benefit was occasionally obtained from 
“steam” inhalations 

If cyanosis or dyspnea developed, the use of an 
oxygen tent was of unquestioned value Cya- 
nosis, which was infrequent in this series, was 
found by Rhoads in 12 of his 24 patients 

Convalescent serum oi blood was not used, 
and blood transfusions were given in only the 
critical cases, so that benefit was difficult to 
determine Green and Eldridge noted sug- 
gestively beneficial results from the use of con- 
valescent blood in 2 patients 

During convalescence, non, ultiaviolet rays 
01 sunbaths, deep-bi eathing and giaduated phys- 
ical exeicises were apparently helpful 

Chemotheiapy — Sulfonamide drugs were 
employed in 362 cases, with a sharp break in 
tempeiature following their administration in 42 
(12 pel cent), suggesting a favorable response 
' However, since the febiile period was usually 
brief, it was often difficult to determine whether 

46 Saphir, O Pathological Changes m So-Called 
Atypical Pneumonia, Radiology 40 339-343 (April) 
1943 


a fall m tempeiatuie would not have occurred 
anyway 

Sulfanilamide was used m 73 cases, w ith 
apparent benefit in 8 per cent, sulfapyridme, 
in 21 cases, with no i espouse, sulfathiazole, in 
300 cases, with a seeming response in 11 per 
cent, and sulfadiazine in 61 cases, with abrupt 
improvement m 10 per cent Moie than one 
type of the drug was used foi the occasional 
patient The dosage of the sulfonamide com- 
pound was almost invaiiably 4 Gm initially, 
followed by 1 Gm every four houi s , sodium 
bicarbonate was occasionally added Sulfa- 
pyridine was the most unpopular, inducing 
nausea and vomiting routinely Sulfadiazine was 
best tolerated but only slightly more so than 
sulfathiazole 

The incidence of apparent lesponse to sulfon- 
amide compounds (12 per cent) in patients 
with leukocytosis on admission was no greatei 

Table 6 — Relalionshtp of Leukocytosis to the Response 
to Sulfonamide Compounds 


Patients Receiving 
Sulfonamide Compounds 


Leukocyte Count 
on Admission 

Patients 

Not 

Receiving 

Sulfonamide 

Compounds 

Total 

Number in 
Whom Ohemo 
therapy Was 
Apparently 
LlTective 

12,000 to 14,950 

47 

50 

4 

15,000 to 17,960 

17 

22 

4 

18,000 to 19,950 

4 

8 

0 

20,000 and over 

3 

11 

1 

Totals 

71 

91 

11 (12%) 


than the incidence of apparent i espouse in all 
patients receiving sulfonamide compounds (table 
6) This suggests that the elevated counts did 
not lepresent secondary bacteiial invasion but 
actually reflected the primary pathologic process 

The use of sulfonamide compounds was gener- 
ally disci edited, but in any patient who w'as 
seveiely ill or whose disease was protracted full 
doses weie employed in an attempt to pieicnt 
01 eradicate secondary infection Statistics 
which seem to show a more rapid recover} m 
patients not treated with sulfonamide com- 
pounds must be subjected to careful scrutiny 
inasmuch as only the patients with more seveie 
disease are usually given chemotherapy 

Othej Types of Thetapy — Uhlman mentioned 
“dramatic effects” from the use of roentgen radi- 
ation to the chest Goodrich and Bradford 
injected neoai sphenamine into 3 patients without 
benefit Campbell in the treatment of patients 

47 Uhlman, E, m Discussion of Symposium on 
Atypical Pneumonia, Radiology 40 360-361 f April) 
1943 
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foi malaria and atypical pneumonia found the 
lattei unaffected by quinine 

RECURRENCES 

Seventeen patients with lecunent atypical 
pneumonia weie admitted to the hospital during 
1942, 2 of them for a third time Recurrences 
aie infrequently mentioned m the hteiature, for 
example, in Gallagher’s series of 87 cases 
seen ovei a seven year peiiod there weie no 
lecuiiences 

The Intel val between the initial disease and 
the recurience varied from one to one hundied 
and twenty-three days, with the numbei of cases 
insufficient to establish a lehable aveiage (mean, 
eighteen days) Usually the lecuiient pneu- 
monia was less seveie, to judge by the duration 
of fevei over 100 F — foui and foui -tenths days 
as compared with five and eight-tenths days 
oiiginally This was not necessaiily tiue in the 
individual case, as one of the most ciitically ill 
patients was one with recuirent pneumonia 

Ten patients had reinfection of the same pul- 
monarj' lobe, while the olhei 7 had recut rences 
in areas partiall}' oi totally difteient fiom those 
involved in the primal} disease In all these 
the chest had been clear to ph} sical examination 
on initial discharge fi om the hospital Flowcvei , 
111 7 instances the final loentgen film did not 
show complete lesolution This suggests a moie 
conseivative management of patients in wdiom 
the disease may seem to haie clcaied clinicall) 
but not loentgenogiaphicalh 

COMPLICATIONS 

Lungs — Thiity patients (4 pei cent) ex- 
hibited roentgen evidence of pleuiisy, usually 
as cloudiness of the costophienic angle In only 
IS was there clinical evidence of fluid Thoia- 
centesis was pcifoimcd on 4, and the fluid w'as 
unifoimly cleai and sterile except that of 1 
patient with empyema In this patient, in whom 
the onset was chaiacteiistically that of atypical 
pneumonia, fever began subsiding on nonspecific 
theiapy shoitly aftei admission A sudden use 
m tempeiature was associated with a leddened 
till oat, from which the beta hemolytic strepto- 
cocus w'as isolated Evidence of effusion became 
appaient, and cultuie of the fluid levealed the 
same oiganism Puiulent empyema developed 
ivith leukocytosis Seveial months latei this 
patient w'as still ciitically ill 

Hospitalization of patients with effusion was 
uniformly prolonged An aveiage of nineteen 
days was recorded for those whose condition 
was uncomplicated , in 1 instance, however, the 
patient was m the hospital foi six months Six 


cases of pleuial effusion with 1 death'*® and 4 
cases of empyema wulh 2 deaths are described 
m the hteiature One case of pulmonary abscess 
was described by Bowen® Theie have been no 
cases of secondary staphylococcic pneumonia at 
Scott Field, such as Finland, Strauss and Petei- 
son ''’® desci ibed in an epidemic of an influenza- 
hke disease in December 1940 and January 1941 

Atelectasis developed in the middle and lower 
lobes of the light lung of 1 patient with atypical 
pneumonia of the entiie light lung The course 
W'as lelatnel} severe, with fevei ovei 100 F 
peisisting foi tw'clve days How'evei, recmery 
A\as complete in tw'enty-seven da}s 

AUmenta>y Tiact — Iiritation of the alimen- 
lai} tiact W'as e\idenced b} pronounced nausea 
and vomiting (4 cases), diairhea (8) or both 
(4) with little lehef from atropine and bismuth, 
the stools revealed no pathogenic organisms 
S}mptoms usually subsided within one or two 
da}s but m 1 instance lasted ten da}S Mam 
patients weie nauseated, apparent!} from gag- 
ging duiing paiox}sms of coughing, sedation 
was usually effcctne Reimann and Havens,®*® 
discussing 400 patients w'lth pneumonia and asso- 
ciated lespiiatorv diseases, mentioned marked 
gasti oinlestinal upsets m 4 and catarrhal jaun- 
dice m 3 

Shn — lieipes about the lips and the face was 
noted in 6 cases (1 pei cent) Healing w'as 
piompt in those iccening sodium iodide intra- 
\enousl} Dermatitis following the administia- 
tion of sulfonamide compounds occuired in 2 
cases 

Gcniloui nm y Tiact — Foui patients with al- 
buminui la and 2 w ith glycosuria ha^ e been men- 
tioned Pionounced burning and smaiting on 
uiination der eloped m 2 patients (aged 23 and 
30) with no uiinai} changes or findings of ^ 
01 game changes m the uiinaiy tiact No spe- 
cific tieatment was given, and the symptoms 
subsided completely in tw'o and five days 

No vans System — Neurologic complications 
occuiied m 1 patient, aged 22, whose histoi} of 
cough dated back one week 

The dav before admission he noticed soreness and 
weakness in both legs On the second hospital da} 
he was unable to use liis lower extiemities, and re- 
flexes of the ankles, the knees and the cremaster and 
abdominal muscles were absent, the patient lemained 
aleit The third daj his aims became weak, on the 

48 Reimann Maxw'cll Green and Eldridge 

Goodiich and Biadfoid^- | 

49 Cass Maxwell Adams j 

50 Finland, M, Strauss, E, and Peteisoii, 0 L 
Staphylococcal Pneumonia Occurring During an Epi- 
demic of Clinical Influenza, Tr A Am Ph}Sicians 
56 139-146, 1941 
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fiftli day the upper lip felt numb, and by the sixth day 
the right side of the face was paralyzed, with weakness 
of the left side of the face and absence of taste noted 
Generalized weakness of the body, predominantly of the 
left side, progressed The seventh day the patient was 
inarticulate and drowsy, he threshed about his bed 
when uncontrolled by sedation From this day on he 
slowly recovered By the fourteenth day strength in 
the extremities was almost normal, but a month later 
facial palsy was still present Laboratory tests all 
gave normal values except for spinal fluid protein 
On the fourth day the finding was 142 mg per hundred 
cubic centimeters, on the seventh, 326 mg , on the 
twenty-third, 112 mg , on the thirty-fiftli the value given 
by the Pandy test was reported as normal The pneu- 
monia was mild with the temperature never exceeding 
100 F , and recovery was uneventful Attempts to 
implicate the viruses of lymphocytic choriomeningitis, 
influenza, Ij'^mphogranuloma venereum, and meningo- 
pneumonitis failed 

In most lepoits of laige senes of cases men- 
tion IS made of neurologic complications In 5 
cases memngismus has been described,®^ with no 
deaths, and m 4 encephalitis,®^ with 1 death 

Other Tissues — Otitis media complicated 3 
cases of atypical pneumonia , erysipelas and 
puiulent conjunctivitis, 1 each In all instances 
there was a lesponse to sulfonamide compounds, 
and apparently the complication did not hinder 
pneumonic resolution 

ATYPICAL PNEUMONIA AS A COMPLICATION 

Atypical pneumonia developed postoperatively 
in 7 patients and during the puerpeiium of 2 
Diagnostic diffei entiation from the moie chai- 
acteristic postopei ative bacteiial pneumonias was 
not difficult as a lule The combination of 
atypical pneumonia and asthma, bronchiectasis 
or hay fever occui i ed in 5 patients, all of whom 
had marked lespiiatoiy distiess In 1 patient 
convalescing from scailet fevei , atypical pneu- 
monia developed without evidence of streptococ- 
cic complications In 2 patients with measles 
pneumonia developed with pulmonic infilti ations 
more extensive than desciibed by Kohn and 
Koiransky ®® as occuri mg in uncomplicated 
measles One case of combined malaria and 
pneumonia occui led, such as has been desciibed 
by Campbell 

Atypical pneumonia may be a seiious com- 
plication of heait disease, as 5 fatalities have 
been lepoited In the Goodiich and Bradford 
seiies of 52 patients, gallop ihythm developed 
in 6, with electi ocai diogi aphic changes m 3 
Green and Eldiidge noted that one third of 

51 Hornibrook and Nelson Knceland and Sme- 
tana 22 a Markham 

52 Reimann 2ra Scadding 2n> Green and Eldiidge 

53 Kohn, J L , and Koiransky, H Successn e 
Roentgenograms of the Chest of Children During 
Measles, Am J Dis Child 38 2SS-270 (Aug ) 1929 


their senes showed mild tach 3 ^caidia during con- 
valescence and 3 tiansient cardiac enlargement 
In 3 patients with cardiac disease (congenital 
rheumatic and chronic myocaiditis lespectively) 
in this series pneumonia developed, but in none 
did the heart become decompensated or shbw^ 
othei evidence of piogiessive cardiac injury 

DIFFERENTIAL DIAGNOSIS 

Most of the pneumonic patients weie sent to 
the hospital with a diagnosis of nasopharyngitis 
or bronchitis, and distinguishing the pneumonia 
from these infections of the upper lespiratory 
tract was the primary problem With ausculta- 
toi V findings in the chest the problem was usuall}- 
not difficult In the remainder, unusual malaise, 
persistent nonproductive cough oi protracted 
illness without obvious cause warranted loent- 
genographic examination of the chest Certain 
types of bronchitis were difficult to distinguish 
fiom atypical pneumonia 

Once the diagnosis of pneumonia was made, 
the relative bradycardia, the leukopenia and the 
type of thoracic findings distinguished the 
atypical form from the pneumonias caused by 
bacterial infection Technical laboratory methods 
are required to rule out the known virus and 
rickettsial pneumonias wdnch closely simulate 
(and may include) this atypical disease 
Tubeiculosis was suggested by the hazy, 
mottled roentgen appearance, especially when the 
disease occui red m the uppei lobes, and by the 
frequency of blood-streaked sputum The clin- 
ical illness, the sputum negative for acid-fast or- 
ganisms and the rapidly cleai mg i oentgenograms 
tended to lule out tuberculosis On the other 
hand, the findings m initial roentgen films were 
occasionally mterpieted as pneumonia, but be- 
cause of the stability of the lesions, tuberculosis 
w^as eventually diagnosed 

No coccidiosis was obseived m this senes, but 
from the desciiption of Dickson and Giffoid®^ 
it w^ould be difficult to lule out clinically, espe- 
cially if the characteiistic eijthematous nodules 
m the skin weie absent Kneeland and Sme- 
tana desci ibed a patient wnth an erythematous 
eiuption of the skin, and klaikham mentioned 
a patient with eiythema miiltifoime without dis- 
cussing the diftei entiation fiom coccidiosis 

EPIDEMIOLOGY 

Pi edtsposmg Factots — A study of the piedis- 
posmg factois has not ie\ealcd any significant 
clues other than those commonly attributed to 

54 Dickson, E C , and Gifford, kl A Coccidioidcs 
Inlections (Coccidioidom} cosis) II The Pnmarj Tj-pe 
of Infection, Arch Int Aled 62 853-871 (Xov ) 1938 
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the simple infections of the uppei lespiratoiy 
tract Many have a histoiy of onset of symp- 
toms with climatic change, fatigue oi loss of 
sleep , most were unable to explain the onset 
If at3’^pical pneumonia is caused by a psittacine 
virus, as is suspected by some, it is of inteiest 
that fowl contiact ornithosis (psittacosis) much 
more readily if they occupy congested cages 
or if they receive insufficient thiamine in the 
diet 

Twenty-seven patients had been lecently hos- 
pitalized with simple infections of the lespiratoiy 
tract, at intervals of one da)' to thiee weeks, wnth 
the greatest concentration at two weeks In those 
with one or tw'O day inteivals the diagnosis was 
probably unsuspected during the fii st hospitaliza- 
tion The same statement might apply to the 
patients wuth the extended intervals , some may 
have been exposed to pneumonia duimg the 
initial illness, and certainly m a few' the develop- 
ment of atypical pneumonia w'as a coincidence 

Eleven patients with apparently mild infec- 
tions of the lespirator) tract suddenly had 
marked aching and malaise after typhoid vaccina- 
tions, and were found to have pneumonia Com- 
])ared with the total number of soldiers recen ing 
the vaccinations, this w'as a negligible incidence 

Incubation Pa tod — In an army camp, wdieie 
there are multiple contacts, it is difficult to ascei - 
tarn the one through which disease may have 
been transmitted Study of the spread of pneu- 
monia through the bai lacks revealed little as to 
the incubation period, for example, one bariack 
had 1 case one week, 2 the next, then none for 
lour weeks Few bariacks had no recognized 
cases, yet no one bariack had over 8 throughout 
the year The liteiatuie is almost unanimous 
with respect to an incubation of one to thiee 
weeks, most likely about two Hufford and 
Applebaum discussed a case wuth an apparent 
incubation of four days, and intimations of even 
shorter periods have been made 

Of 124 patients whose length of station at 
Scott Field was sought, 60 contracted pneu- 
monia within four weeks, 43 in five to eight 
w'eeks, 15 in nine to twelve w'eeks and 4 in 
thiiteen to sixteen weeks, the gieatest concen- 
tration occurred at the end of the fii st week As 
at all army posts, there is a constantly changing 
population at Scott Field Gallaghei has sug- 

55 Meyer, K F , Eddie, B , and Yanamura, H Y 
Ornithosis (Psittacosis) in Pigeons and Its Relation 
to Human Pneumonitis, Proc Soc Exper Biol & 
Med 49 609-615 (April) 1942 

56 Pinkerton, H , and Swank, R L Recovery of 
Virus Morphologically Identical with Psittacosis from 
Thiamm-Deficient Pigeons, Proc Soc Exper Biol & 
Med 45 704-706 (Nov) 1940 


gested this as a factoi , he noticed that the occui- 
rences m his school community were highest 
among newcomers 

Contagiousness — The small number of sol- 
diers who contracted atypical pneumonia as 
compared wuth the characteristic rapid over- 
w'helmmg spi ead of influenza or even of measles 
and scarlet feter among those susceptible sug- 
gests low contagiousness There w'as no indica- 
tion during 1942 of significant inciease oi de- 
ciease in the contagiosity or se\eiity of at) pica! 
IMieumoma 

In the medical group, 8 enlisted men, 4 muses 
3 doctors and 2 dentists contracted the disease 
an incidence considerably less than for the whole 
field, unlike the high incidence reported by 
Dingle and associates Eaton, Beck and Pear- 
son and Moss have described severe forms 
wdiich w'cie unusually contagious The sugges- 
tion of Smiley. Show'acre, Lee and Fei ns ® and 
of Moore, Tannenbaum and Smaha that such 
measures as W'ard isolation and wearing of masks 
be earned out w'ould be applicable in such cases 
but seems to have little place m military camps, 
where the disease is generally mild, w’here there 
has been widespread exposure before diagnosis 
is established and wdiere appaiently the rate of 
contagion is low 

One vetennarian was hospitalized wuth atyp- 
ical pneumonia, he revealed that a number ot 
animals, notably dogs, w'eie being treated by the 
V eterinary Corps for a type of pneumonia which 
in many respects simulated that of human pa- 
tients No studies were made to see if there 
was any etiologic connection 

Seasonal Vanations — During 1942 theie w'ere 
tw'o peaks of cases of simple infection ot the 
respiratory tract (rhinitis, phaiyngitis, tonsillitis, 
laryngitis, tracheitis, bionchitis) one in mid- 
Febiuary and one early in December, the low 
point occuri ed late in August On the other hand, 
the cases of pneumonia averaged about 4 per 
10,000 of population per w'eek until June then 
climbed lapidly during July to 10 to 15 per 
10,000 per week A secondaiy rise and the 
greatest single monthly concentration occurred 
during October (fig 5) During the early 

months of 1943 a steady decline to eaily 1942 
levels has become apparent In the series of 
Dingle and his co-w'orkeis also the peak 
occurred dining the summer However, the 
majority of reports suggest that the seasonal _ 
peak occurs in the fall and eaily part of wiiitei , 
Markham feels that most cases are seen in the J 
wintei and spring i 

In addition to the variations of incidence there 
w'ere distinct clinical variations with change of 
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season Piehospital days of illness were fewei 
during the summei than during the wintei 
Onset during the summer was not only shortei 
but more abiupt and was characterized initially 
by malaise rather than by coughing The dura- 
tion of the acute stage of illness m the hospital 
showed thiee phases During June and July 
It was four to six days , fi om August to Octobei 
It was two days on an aveiage, and during the 
early winter it inci eased again to thiee to five 
days Hospitalization aveiaged t\\enty days 
during the summei and twenty-nine days during 
the winter Leukocyte counts weie distinctly 
lorvei during the summer (9,200) than during 
the winter (10,250) Thus, the summei pneu- 
monia was mildei wuth moie sudden onset, a 
biief acute stage and lapid convalescence 

]\Iode of Spiead Tlnough Camp (fig 6) — 
The field is divided into segiegated “aieas” 
within which the soldiers aie assigned to training 
schools In one aiea, wheie the schools bordei 
a semiciicle, the July wave of pneumonia struck 
each school m definite piogression, wuth one to 
two weeks between then peaks In anothei aiea 
the schools boidei a lectangle, and again the 
sequential progiession was evident Spread 
through the lattei area was more rapid than 
thiough the formei, and a contiibuting factoi 
ma} have been the gieatei congestion 

ETIOLOGY 

Etiologic studies have been directed pnmariK 
at the exudates from the respiratory tract Pneu- 



Fig 5 — The incidence of atypical pneumonia (lower 
curve) compared with that of infections of the upper 
lespiratory tract (upper curve) in 1942 


mococci weie uncommonly present and weie 
chiefly of the highei types Streptococcus viri- 
dans was consistently isolated, but no great sig- 
nificance is usually attached to it Rhoads, 
however, on the basis of studies of mice feels it 
may be important 


In most reported cases studies for viruses have 
failed completely to show' any, but the exceptions 
aie outstanding'’’ 

Psittacosis Viuis — Eaton, Beck and Pear- 
son isolated the v irus of psittacosis from 4 
cases of severe atypical pneumonia (2 fatal) and 
successfully tiansmitted it to mice, hamsteis and 
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Fig 6 — Progression of atypical pneumonia througli 
five schools in each of two “aieas” on Scott Field 
Dots accentuate the progressing peaks in the schools 

guinea pigs This virus was found to be closelt 
1 elated to the vnus of menmgopneumonitis iso- 
lated by Fiancis and Magill from influenza- 
hke cases in the 1934 and 1936 epidemics In 
4 Negroes with atypical pneumonia Dingle’s 
group found unchanging high levels of com- 
plement-fixing antibodies foi the virus of menin- 
gopneumonitis Stickney and Heilman identi- 
fied the agent from one rather seiiously ill pa- 
tient as the psittacine virus Meyei, Eddie and 
Yanamura,°° Favour and Reimann, Havens 
and Price found this virus responsible for se\ - 

57 Virus pneumonias, including atypical pneumonia 
are completely summarized by Finland, M , and Dingle 
J H Virus Pneumonias, I Pneumonias Associated 
with Known Nonbactenal Agents Influenza, Psitta- 
cosis and Q Fever, New England J Med 227 342-350 
(Aug 27) 1942 Dingle, J H , and Finland, M 
Virus Pneumonias II Primary Atypical Pneumonias 
of Unknown Etiologj, ibid 227 378-385 (Sept 3) 1942 

58 Francis, T , Jr , and Magill, T P An Uniden- 
tified Virus Producing Acute Meningitis and Pneumo- 
nitis in Experimental Animals, J Exper Med 68 147- 
160 (Aug) 1938 

59 Stickney, J !M , and Heilman, F R The Isola- 
tion of a V irus -in Atypical Pneumonia, Proc Staff 
kleet , Mayo Clin 17 369-375 (June 17) 1942 

60 Reimann, H A , Ha\ens, W P, and Price 
A H Etiolog}' of Atypical (“Virus”) Pneumonias 
with a Brief Resume of Recent Experiences, Arch Int 
:Med 70 513-522 (Oct) 1942 
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eral cases of atypical pneumonia, as detei mined 
by complement-fixation tests Favoui bas 
cleaily shown the clinical relationship of atypical 
pneumonia and ornithosis (psittacosis) Bakei 
lecogmzed an atypical pneumonia in cats which 
W'^as apparently contagious foi man and vice 
versa The agent was transmissible fiom cats 
to mice and chick embiyos, in which w'ere lecog- 
nized elemental}' bodies snnilai to those of 
psittacosis 

Di Thomas Fiancis Ji , at the Umveisity of 
Michigan, performed agglutination tests on 
serum from 23 patients at Scott Field In all 
cases blood w'as diawui as soon as the diagnosis 
w'as established, and m 12 instances fuithei 
blood was drawm one month later The highest 
titer was 1 8, m 1 case Of the lemaiinng 34 
tests, 4 gave a titei of 1 4, 9 a titer of 1 2 and 
21 a titer of 0 Influenzal serologic tests weie 
repoited negative by Dr Francis, wdiich is in 
agreement with the literature 

Rickettsia of Q Fcvci — Dyei, Topping and 
Bengston w'eie able to isolate this etiologic 
agent from 3 of 4 patients in an isolated out- 
break of atypical pneumonia-^ liesdoiftei and 
Buffalo mentioned 1 case of mild pneumonia 
in which infection wnth Rickettsia diaponca was 
indicated by seium agglutination titeis of 1 80 
and 1 160 How'eier, Green and Eldiidgc^® 
lepoited no evidence of infection with this 
iickettsia in 15 patients 

Viuis of Lyniphogi omdouia Vcncicum — The 
Frei test w'as found to be positive m 5 of 8 
patients by Rake, Eaton and Shaflci iMy 
associates and I have peifoimed the test on 23 
patients, using chick embiyo antigen (L}gia- 
num), w'lth negatne results Dingle and asso- 
ciates found negative leactions m 7 patients 
Eaton, Mai tin and Beck^*’’^ have dcmonstiated 
the antigenic lelationship of the viuises of 
lymphogranuloma leneieum and meningopneu- 
monitis 

61 Baker, J A A, Virus Obtained from a Pneu- 
monia of Cats and Its Possible Relation to the Cause 
of Atypical Pneumonia in Alan, Science 96 475-476 
(No\ 20) 1942 

62 Dyer, R E , Topping, N H , and Bengston, 
I A An Institutional Outbreak of Pneumonitis II 
Isolation and Identification of Causative Agent, Pub 
Health Rep 55 1945-1954 (Oct 25) 1940 

63 Hesdorffer, M B , and Buffalo, J A Ameiican 
Q Fever, JAMA 116 1901-1902 (April 26) 1941 
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Vnuses Not Pi evioiidy Recognized — Rei- 
manii,-"" Reimann and Havens and Stokes, 
Kenney and Shaw were able to produce pneu- 
monia 111 ferrets by inoculating these animals with 
washings from the noses and throats of patients 
with atypical pneumonia The viiuses became 
attenuated or W'ere lost m passage 

Weir and ITorsfalH® weic able to produce 
jineumonia in wild mongooses wuth washings 
fiom the throats of 4 patients (types of illness 
not described) The causative virus was filtered 
through Berkefeld V and N candles, w'as not 
inactivated by glycerin, by freezing or by drying 
in \acuo, and wms propagated on the chorio- 
allantoic membranes of chick embryos 

Eaton, Meikcljohn, Vantterick and Talbot®' 
tiansmitted a virus to cotton rats with sputums 
Irom 17 of 18 patients wdio had atypical pneu- 
monia This Mrus was filtered through Berke- 
feld N candles in 2 of 6 instances It was not 
tiansmissible to common laboratory animals 

Adams, Green, Evans and Beach studied 
a severe form of pneumonia in young infants 
No virus was found, but intiacytoplasmic inclu- 
sion bodies w'ci c detected in pulmonary epithelial 
cells and in cells in smeais of material obtained 
fiom till oats 

Yiiuses arc appaienth inherent in certain 
animals (mice®® and hamsters®"), and serial 
passages may incicase then virulence to the point 
of pioducing pneumonia This should be taken 
into consideiation in etiologic studies of atjpical 
pneumonia 
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SUMMARY 

Seven bundled and thirty-eight cases of atypi- 
:al pneumonia were recognized duiing 1942 at 
.he Station Hospital, Scott Field, 111 Serious 
complications were rare , there were no fatalities 
rhe disease showed epidemic tendencies during 
the late summer and fall when common diseases 
Df the lespiiatoiy tract weie at a minimum 
Seasonal clinical Aaiiations were apparent 

Atypical pneumonia attacks congregated 
gioups of people, especially young adults The 
degree of contagion and the recoverability of 
the etiologic agent seem to vaiy with the severity 
of the illness After an incubation period of one 
to three weeks, theie develops in the exposed 
person a nonpioductive cough, accompanied or 
followed by fever, aching, weakness and loss of 


appetite Cough is the most troublesome symp- 
tom but tends to be relieved within a few days 
as the fever diminishes by lysis The pulse rate, 
the respiratory rate and the leukocyte count are 
little elevated in uncomplicated cases, and there 
IS a lack of such clearcut findings as are observed 
with pneumococcic pneumonia Prolonged con- 
valescence IS the lule, and if a patient is seen 
for the first time during convalescence, neuio- 
ciiculatory asthenia may be suggested Com- 
plications are uncommon, but the* occasional 
development of effusion and empyema wai rants 
recognition of the primaiy disease From a 
military standpoint the time lost is significant 
Over 20,000 man-days (or 55 man-yeais) were 
lost at Scott Field during 1942 from atypical 
pneumonia 
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At the conclusion of his article on Hodgkin’s 
disease in the 1939 Univeisity of Wisconsin 
Symposium on Blood, Kiumbhaar^ succinctly 
commented “Thus we see that in general, the 
pioblems of Hodgkin’s disease m the past geneia- 
tion lemain the pioblems of today We still do 
not know whether it is an infectious gianuloma 
or a neoplasm, and, therefoie, we aie ignoiant 
of its pathogenesis, we have no specific labora- 
tory diagnostic test other than the biopsy exami- 
nation We ha^e no means of piedicting how 
long a given case wull suivive, and we have no 
specific form of ti eatment ” 

It was with the hope of tin owing some light 
on the tw'o last-named factors that this stud} 
was undei taken The leview also included a 
careful search foi clues as to a common predis- 
posing factoi 01 etiologic agent Howevei, the 
mam question posed was Are thei e any ci iteria 
for predicting the course and duiation of the 
disease ’ 

A cursoiy leview of any senes of cases of 
Hodgkin’s disease immediately suggests the 
desirability of a biopsy study When the first 
few cases weie analyzed it became apparent that 
a restudy of the biopsy slides is not just a 


a lestud} of all the biopsy and autopsy mateiial 

w itli attention to the minute details is a 

sine qua non 

^ MATERIAL 

The clinical histones of 244 cases were anal) zed 
Ihese represent the cases of all the patients with Hodg- 
kin’s disease who w'ere admitted to the Edward Hines 
Hospital during tlic eleven \ ears, from 1930 to 1940 , 
inchisne Eight patients had no biopsies The 5 dead 
patients had an average total duration of the disease of 
51 months Of the 3 patients still alive, 1 had it for 156 
months, another tor 132 months and the third for 36 
months One can tlius readih see what havoc in tlie 
statistics of a small senes of cases can be produced 
bv the inclusion of cases without biops) confirmation 

At tlie conclusion of the stiidj it was found necessan 
to eliminate 11 more cases, 4 because of incomplete 
data and the other 7 because the diagnosis of Hodgkin’s 
disease had been made erroneoush Enumeration of the 
corrected diagnoses is instructive, in that it shows with 
what entities Hodgkin’s disease may be confused The 
follow'ing are the corrected diagnoses reticulum cell 
sarcoma, 2 cases, and chronic Ijmphadeiiitis, fungou« 
infection, lymphoepithelioina, lymphosarcoma and benign 
bmphoma, 1 case each (The condition in the last 
case defies more specific classification than as benign 
1) inphoma ) 

Two hundred and twentj-five cases of verified Hodg- 
kin’s disease were thus left in which microscopic studies^ 
had been made On the basis of a restud) of the 
slides from 186 cases, inclusive of 67 autopsies, the 
following chnicopathologic classification was arrived at 


1 

2 

n 

0 


Hodgkin’s lymphoreticuloma 
Hodgkin's granuloma 


Typical 
Atv pical 


Hodgkin’s lymphoma 


JT) pical 
(At) pical 


T Generalized 

2 Superficial multiple glandular 

3 Localized 


desideratum but a necessity The variations in 
the manifestations and seventy of the disease 
must, a prion, be at least partially reflected in 
the pathologic picture Soon 2 biopsy descrip- 
tions were encountered reading “cellular Hodg- 
kin’s disease” , 1 patient was dead, having had 
a total duration of twelve montlis, and the other 
was alive, with a total duration of two hundred 
and tliirty-six months It then became clear that 

From the Tumor Service, Veterans Administration 
Facility, Hines, 111 

Published with the permission of the Medical Director 
of the Veterans Administration, who assumes no re- 
sponsibility for the opinion expressed or the conclusions 
drawn by the author 

1 Krumbhaar, E B The Present Status of Hodg- 
kin’s Disease, in A Symposium on the Blood and Blood- 
Forming Organs, Madison, Wis , University of Wis- 
consin Press, 1939, pp 148-166 


NOMENCLATURE < 

A Histologic Definitions 

1 Hodgkin’s Lymphoreticuloma This tjpe 
has a prevalence of reticulum cells or frequent 
mitoses or both Laige or medium-sized lympho- 
cytes when associated with frequent mitoses hav e 
a significance analogous to the reticulum cells , 
hence the inclusion of “lympho” m the .teini 
ly mphoreticuloma 

2 Hodgkin’s Granuloma This type, wlycli 
occurred in the majority of the cases, shows the 
typical featuies of pleomorphism, Sternberg- i 
Reed cells and a moderate degiee of fibrosis - 

3 Hodgkin’s Lymphoma This type shows j 
destruction of glandular architecture and only a f 
slight tendency to pleomorphism, with a mod- . 
erate persistence or pievalence of the lyunpho- 
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cytic element Most of the lymphocytes are of 
the small variety Some medium-sized lympho- 
cytes may be present, but without any associated 
f 1 equent mitoses It is with this type that occa- 
sionally one may have to make the diagnosis of 
Hodgkin’s disease m the absence of Reed or 
Sternberg cells One must be sure, however, to 
segregate cases m which the diagnosis is so made 
in any statistical study with classification into 
typical and atypical forms The word typical 
would refer mainly to the important element of 
Sternberg-Reed cells 

B Chmcal Stages — From a clinical stand- 
point-one recognizes three stages or degrees of 
involvement the localized, the superficial multi- 
ple glandular and the |fenerahzed The patho- 
logic and clinical observations weie therefore 
analyzed separately for these three stages or 
phases of involvement 

ANALYSIS 

A Reference Point for Evaluation of Dura- 
tion — Several authois had already previously 
pointed out^ and more recently Slaughter and 
Graver again emphasized the point, that one does 
not obtain a true picture of Hodgkin’s disease 
by taking a single reference period for evaluation 
of duration of .the disease There is an inherent 
fallacy in counting duration from the time of 
biopsy or of beginning of treatment This fallacy 
lies 111 the great variation in the period elapsed 
between the onset of the disease and the time the 
patient presents himself to the physician or insti- 
tution where a biopsy is made oi a definitive 
form of treatment is lesorted to In favoi of this 
reference point is the fact that the time of biopsy 
or of beginning of treatment is definitely known 
and IS a mattei of lecoid This reliability is con- 
ti astedly lacking in the data as to onset obtained 
from the patient They are especially vague in 
cases in which the first manifestations are not 
glandular enlargement but systemic complaints, 
such as weakness, loss of weight, fever and 
osseous pain The duiation after the patient’s 
admission to the hospital, taken by itself, has 
little significance Some patients have had previ- 
ous hospitalizations at othei institutions and in 
fact may have had seveial couises of iiiadiation 

In view of the afoi ementioned considerations, 
it was decided to repiesent each case by four 
numeiical values in the form of two fractions, 
thus — 

Postnodal Duration 

Postbiopsy Duration ’ 

Existence of Nodes Prior to Definitive Treatment 
Total Duration After Onset of S>mptoins 

The first numeiator stands for the total duration 
in months aftei the onset of glandular enlaige- 


ment The first denominator denotes the num- 
ber of months elapsed between the biopsy or the 
beginning of treatment and death or the last fol- 
low-up of those patients who are still alive The 
second numerator expresses the number of 
months that known glandular enlaigements have 
existed prior to institution of definitive therapy 
The second denominator is used to denote the 
total duration of symptoms m those cases in 
which the first manifestation was cutaneous in- 
volvement or a systemic complaint 

B Coi relation of Duiation with Histologic 
Pictui e — 1 Generalized Lesions When the his- 
tologic picture IS viewed as a whole one can 
readily divide the cases into instances of typical 
Hodgkin’s disease and cases m which the con- 
dition for one reason or another is atypical In 
the latter, sections may fail to exhibit the im- 
portant typical element, the Reed cell, and the} 
usually present a prevalence of cells of the lym- 
phocytic or reticuloendothelial senes When this 
gross pathologic yardstick was applied, 96 (42 7 
per cent) patients with typical generalized disease 
weie found These had an aveiage duiation of 
29 2/19 2, 16 8/31 3 Six of the 96 patients are 
still alive One has a total duration of 75 months 
and anothei of 50 months The lemaining 4 
thus far have an average duiation of only 24 
months 

Of the 29 patients with an atypical geneiahzed 
foim of Hodgkin’s disease, 12 formed a distinct 
gioup Their lesions were characterized by prev- 
alence of reticulum cells and/or frequent mi- 
toses These were not leticulum cell sarcomas 
but atypical Hodgkin’s lymphoieticulomas In 
table 1 the clinical course of this subgroup is 
giaphically compaied with that of the remaindei 
of the group with an atypical geneiahzed form 
(Hodgkin’s lymphoma) This segiegated sub- 
group (with atypical Hodgkin’s lymphoreticu- 
loma) had a duration of 8 6/4 2, 5 2/9 6, as 
contrasted to a duiation of 61 0/49 7 , 29 0/64 7 
for the lemainder of the patients with atypical 
disease (atypical Hodgkin’s lymphoma) 

A similar subgioup with lesions exhibiting 
pievalence of reticulum cells and/or frequent 
mitoses (typical Hodgkin’s lymphoreticuloma) 

V as segregated fi om the 96 patients with a 
typical generalized form Seventeen such pa- 
tients had an 18 7 month total duration, as 
against 34 9 months for the remainder of the 
gioup, and a duiation of 10 months aftei the be- 
ginning of treatment, contrasted to 21 1 months 
for the remainder of the group It is to be noted 
.that the total duration for the patients vith 
typical generalized Hodgkin’s disease vith pre^- 
alence of reticulum cells and/or mitoses is about 
t\\ ice as much as the period for the groups v ith a 
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similar atypical form (18 7 as against 9 6 
months) Evidently it takes time for some 
pleomorphism and Reed cells to develop The 
lesions which are more malignant never have a 
chance to acquire these characteristic features to 
any degree of prominence 

2 Superficial Lesions The same major patho- 
logic criterion of typicality applied to the 55 


Table 1 — Aveiagc Life Expectancy of Patients zmth 
Hodgkin’s Disease Aftei a Biopsy Winch Reveals 
Typical Stenibe! g-Reed Cells 
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cases with only superficial multiple glandular 
involvement yielded 31 with a typical histologic 
picture Twenty-six of these liad an average 
duration of 481/36 0, 28 2/500 Three of the 
patients ai e alive, 1 with a duration of 68 months, 
2 with duration of 33 months each 

In 5 cases with typical changes theie weie the 
additional features of pievalence of reticuloendo- 
thelial cells and/or mitoses In these the dis- 
ease had a much shoiter couise, averaging 10 
months after biopsy and a total of 21 months 
after the appearance of nodes In the cases of 
the analogous atypical foim (4) the duration was 
8 and 12 2 months respectively This, again, is 
consistent with the conclusion that fiequent 
mitoses associated with pievalence of leticulo- 
endothehal cells and lacking in Reed cells and 
pleomorphism spell a short course A sti iking 
contrast was presented by the 111 emainmg cases 
of atypical superficial Hodgkin’s disease These 
had an aveiage of 67 6 and 86 4 months post- 
biopsy and postnodal duiation, lespectively Five 
of the 11 patients are alive, with an average total 
duration of 159 months One of the 5 has ade- 
nopathy and is in poor condition The other 4 


have small residual lymph nodes and are in good 
general condition 

3 Localized Lesions The 28 patients who 
had localized cervical or axillary adenopathy ex- 
hibited a much more favorable course The 
average duration was 96 6/53 1, 46 7/97 3 In 
table 6 the cases of localized ceiwical Hodgkin 
gianuloma are graphically contrasted to those of 
localized inguinal Flodgkin granuloma A rather 
surprising observation was the fact that the typi- 
cal localized inguinal Hodgkin granuloma showed 
the least favorable course among the localized 
group of lesions One is tempted to suggest that 
inguinal involvement signifies wide dissemination 

C Co7} elalion of Dwaiwn with Individual 
Ccllitlai and SUomal Components of the Biopsy 
Sections — 1 Sternberg-Reed Cells Gnen a 
biops} specimen with typical Sternberg-Reed 
cells, what is the patient’s life expectancy^ The 
important factors of mitosis, fibrosis and preva- 
lence of leticulum cells were e\aluated indepen- 
dently and m combinations The duration after 
biopsy IS listed m table 1 

The hyperchromatic Sternberg cells failed to 
show any difterential prognostic value when com- 
paied w'lth the vesicular Reed cells Similarly 
the giant cells of the Sternberg-Reed type, which 
w'eie encountered m appi oximately half of the 
cases, and the finding of Reed cells lying in 
empty spaces did not show any added significance 
othei than that of the usual Sternberg-Reed 
vai ict} 

2 Reticuloendothelial Cells Statistical evalu- 
ation of ple^alence or piedommance of reticulo- 
endothelial cells as a single factor w^as impossible, 
since almost all these patients had mitoses Table 
2 enumerates the duiation foi each of the three 
clinical phases of imolvement Only 1 example 
each of localized, superficial and generalized 

T \BLn 2 — Duiation of Hodgkin’s Disease Exhibiting 

Pievalence of Vesicitlai Vaiicty of Rcticnluin Cells 


Average Average 
Number Duration After Duration 
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sicular letiCLilum cell variety Also 2 patients had 
superficial lesions wnthout mitosis of the punctate 
leticuloendothelial vaiiety These 2 patients 
lived only thiee months aftei biopsj^ The ob- 
sei vations in these few cases — ^though not statisti- 
cally significant — seem to indicate that the prev- 
alence 01 piedommance of reticuloendothelial 
cells by itself pioduces a short comse foi the 
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patients with superficial and generalized lesions 
With localized lesions one must be on guard 
against mistaking a reticulum cell sarcoma for a 
reticulum cell variety of Hodgkin’s disease 

3 Lymphocytes Prevalence of medium-sized 
to large lymphocytes, especially when they are 
associated with cells resembling the punctate 
variety of leticuloendothehal cells, has the same 
prognostic value as the presence of the latter 
Contrasted to this is the much better prognosis 
of the 14 cases in which there was predominance 
of medium-sized lymphocytes without the associa- 
tion of reticuloendothelial cells Most of this 
group were instances of atypical or only some- 
what typical lesions The duration m the 5 
cases of geneiahzed lesions aveiaged 43 0/37 5, 
14 2/58 2, 1 patient is still alive The duration 
in the 3 cases of superficial lesions averaged 
71 0/63 6, 19 3/71 0, 2 patients are alive The 
6 cases of localized lesions had an average du- 
ration of 103 0/76 5 , 44 0/103 0 , 4 patients are 
alive 

A still longei course was found m the group 
of 5 of 7 cases m which theie was a predominance 
of small lymphocytes without the association of 
either reticuloendothelial cells or mitoses These 
averaged 69 0/56 7 , 27 3/69 0 

4 Polymoiphonuclears Of 18 cases with a 
prominent polymorphonuclear component, 3 had 
an extremely short course, 4 6 months after 
biopsy. In these 3 cases polymorphonuclear 
cells were prevalent throughout the lymph nodes 
and apparently there was the added element of 
frank infection In 6 other cases of typical gen- 
eralized lesions with polymorphonuclear cells 
the postbiopsy duration averaged 30 5 months 
This IS a much longer course than the expected 
12 4 months, as shown in table 1 A shift to the 
right in the polymorphonuclear cells was associ- 
ated in most cases with a slightly more favoiable 
course No con elation of fiequency of poly- 
morphonuclear cells with clinical manifestations 
of fever could be established 

5 Plasma Cells, Eosinophils No correlation 
of the number of these cells with longevity was 
evident Prevalence of plasma cells is found 
more often in cases of localized involvement, 
especially in inguinal adenopathy and m glands 
involved for a short time, i e , early development 

6 Fibroblast-like Cells or Derivatives Thereof 
Fibioblast-hke derivatives may signify a leaction 
of the body to a weak dose of the noxus and thus 
be associated with a fairly long course The find- 
ing of such fibioblastic derivatives at biopsy, 
however, does not necessarily signify a long post- 
biopsy course The involvement of lymph nodes 
and the disease may have existed a long time be- 


fore any local or systemic complaints brought the 
patient to the hospital 

Preservation of Follicles No special effect on 
duration could be attributed to presentation of a 
few peripheial follicles, except in those cases in 
which it constituted one of the elements of atypi- 
cality 

Vascularity Similarly, vasculaiity of the 
lymph nodes is another and important element 
in the atypical picture Eleven cases of such 
vascularity were found m this series Three 
patients with typical lesions and 1 with atypical 
lesions with mitosis had a course consistent with 
their histologic pictures Of the remaining 7 
patients, 6 aie alive, with duiations averaging 
128 3 months postnodal and 74 3 months post- 
biopsy The seventh patient died 38 months after 
biopsy Five of these 7 patients had localized 
cervical lesions, 1 localized inguinal and 1 gen- 
ei ahzed 

D Coi } elation of Dm ation zvith Clinical Mani- 
festations — 1 Cutaneous Manifestations Forty- 
tin ee patients had complaints ref ei able to the 
skin Thirty had pruritus, m 21 of these this 
was the only cutaneous manifestation The 
patients with typical generalized lesions had 
durations consistent with the histologic picture 
Five patients with atypical generalized involve- 
ment had an average duration of 82 0/50 4, 
31 0/82 0 The symptoms of 2 patients with an 
atypical histologic picture began with involve- 
ment of the skin The first patient is still alive 
(60/60, - / 262— >) The second, a man of 62 
years, died (9/8, - / 29) 

Theie appears to be a dispropoitionate number 
of patients with atypical forms of the disease 
among those with cutaneous manifestations 
Twenty-six of the 43 patients had atypical le- 
sions — an incidence of 60 2 per cent, as against 
25 8 per cent incidence of atypical lesions in the 
whole series 

2 Osseous Involvement The incidence of in- 
filtration of bone is unavoidably dependent on the 
thoioughness of roentgen examinations and 
autopsies It will therefore vary considerably in 
leports from various sources Thirty-three cases 
with such infiltration were met in this series 
( 14 7 per cent) Thirteen of the patients had 
typical generalized forms of Hodglan’s disease 
and had an average postnodal duration of 41 6 
months , 3 patients with typical superficial lesions 
had an average duration of 87 6 months The 
duration in these cases is considerably above that 
m the general series Apparently osseous in- 
volvement occurs and/or is detected in cases 
lasting longer. 

A cursory scanning through the duration of 
the cases with osseous involvement tempts one 
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to postulate some piotective influence of osseous 
infiltration Actually, no basis for such a con- 
clusion can be established The patients whose 
biopsies showed pievalence of reticulum cells 
and/or mitoses had the usual shoit course Ten 
patients with typical generalized lesions had an 
average duiation of 17 months, and that of 3 
with typical supeificial lesions was 66 months, 
aftei detection of osseous infiltration 

3 Fevei Considered independently, exhi- 
bition of fevei had no perceptible influence on 
the couise of Hodgkin’s disease 
E Incidence of Hodgkin’s Disease — Most 
textbooks of medicine and pathology state that 
Hodgkin’s disease is mostly a disease of early 
middle age, 20 to 40 years Uhlenhuth - has con- 
tiadicted this teaching He has claimed that an 
analysis of the number of people dying each year 
from Hodgkin's disease relative to the numbei of 
people of that age gi oup m the population shows 
a steady increase m incidence vith age Thus 
he has computed that at 10 yeais there is an in- 


T 'VBLE 3 — Incidence of Hodgkin’s Disease by Decades 
m the Cases of Typical Genet aUced Lesions 
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cideiice of 62 per 10,000,000, and at 30 yeais, 
of 180 and that at 60 yeais the incidence has in- 
creased to 220, with a slight decrease after 60 
years The reason why it is thought to be most 
prevalent in the 20 to 40 year age group is that 
absolutely this age group is the most numerous 
among adults 

This series of 225 cases tends to support 
Uhlenhuth’s contention The material, which 
covers eleven ) ears, represents the cases of 
Hodgkin’s disease from a fairly constant fraction 
of a definitely segregated age gioup In 1930 
the average age of the World War I veteran was 
about 36 years Duiing the first five years of 
this selective study period (1930 to 1935) tue 
majority of the veterans were in the late thiities 
In the last five years the majority of the veterans 
weie in the forties This is consistent with the 
finding of an average age of 37 4 years at onset 
of the disease in the first 39 cases of geneiahzed 
typical Hodgkin’s disease exclusive of those 
showing prevalence of reticulum cells and mi- 
toses During the last five yeais, as the veteran 
population grew older, the last 39 such cases 
showed an average age of 43 5 years at onset 

2 Uhlenhuth, P , and Wurm, K Present Status 
of Knowledge on Etiology of Hodgkin’s Disease, 
Deutsche med Wchnschr 66 785, 1940 


This makes a dififeience of (43 5 minus 374) 
SIX and one-tenth years, corresponding closely 
with the elapsed five and a half years in the 
aging of the veterans Table 3 lists the incidence 
by decades It clearly shows that Hodgkin’s 
disease is not a disease mostly of the 20 to 40 
3 'ear age period This fact is fuither strikingly 


Table 4 — Dutaiion by Decades of Generalized Typical 
Hodgkin’s Disease Exclusive of Hodgkin’s 
Lyniphot cticulonia 



Number 

Number ol 



of 

Patients 

Postnodal 

Decade 

Cases 

Still Alive 

Duration 

30 39 

34 

1 

42 2 

40 19 

37 

4 

23 0 

30 59 

4 

None 

20 5 


brought liome by the occurrence of approxi- 
mately the same number of cases (20) per year 
in the eleven year peiiod, eien though one started 
vith a fairly constant segment of population of 
leteians averaging 36 years old and concluded 
•with veterans of 47 year average age 

Gilbert concluded that the most favorable cases 
ai e those in which the patients are in the twenties 
and thirties When tlie typical cases of gener- 
alized lesions vcie segregated into decades, a 
gradually shorter course w as found to be associ- 
ated with increasing age, as detailed m table 4 
The 4 patients A\ith Hodgkin’s disease who 
were m the sixties exhibited a still much shorter 
postnodal course, namely 12 months One could 
readily attribute this short course to the fact that 
the average life expectancy has its teimination at 

Table 5 — Relation Between Age of Onset of Hodgkin’s 
Disease and Prevalence of Reticulum 
Cells and/or Mitoses 


AvernBc Ago at Onset of 
Hodgkin’s Disenso 



Without Preva 
lenco of Reticulum 
Cells and/or 
Mitoses 

With Preva 
lence of Reticulum 
Cells and/or 
Mitoses 

Type of Disease 

r 

Number 

of 

Cases 

> 

Average 
Age at 
Onset, Yr 

- 

Numbe- A-verago 
of Age at 

Oases Onset, Yr 

Tjpieal generalized 

79 

40 4 

17 

40 4 

Atypical generalized 

17 

39 3 

13 

46 6 

Typical superllcinl 

20 

387 

5 

42 0 

Atypical superficial 

11 

40 4 

4 

42 2 


or in this decade Houever, closer scrutiny 
brought out the fact that the lesions of 3 of the 
4 patients in the sixties had the histologic feature 
of prevalence of reticulum cells and/or mitoses 
A similar tendency for prevalence of reticulum 
cells and/or mitoses to occur in the older age 
group was found throughout the whole senes 
Details are given in table 5 
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F Weighting of Material — ^This senes of 225 
cases of Hodgkin’s disease consisted entirely of 
male patients, the majority of whom were m the 
lower income level Hence the statistical figures 
should be weighted for sex and economic stratum 
Wallhauser ^ mentioned hard work, poor food and 
mtercuirent infection in i elation to duration of 
the disease and quoted Gemmell,^ m whose 
opinion esti ogen has a protective value Gilbert,® 
too, has expressed the opinion that the disease 
IS milder m women There were 12 women 
among the 16 survivois in his leported 73 cases 
of Hodgkin’s disease Slaughter and Graver,® 
however, did not find such a great difference in 
prognosis between males and females In their 
series the males had a 16 per cent five yeai sur- 
vival late and the females 21 pei cent A defi- 
nite opinion as to the comparative mildness of 
Hodgkin’s disease in women is not possible with- 
out reference to and statistical analysis of the 
histologic pictuie 

SUMMARY 

The clinical histones of 225 cases of Hodgkin’s 
disease were reviewed and the microscopic slides 
of 186 of these cases, inclusive of 67 autopsies, 
were restudied 

Before one can be in a position to comment on 
the role vaiious clinical factors play in the course 
of the disease one has to know the exact disease 
entity and histologic picture that one is dealing 
with 

In the great majority of cases there is sufficient 
uniformity in the several sections of one lymph 
node or m several simultaneously taken biopsy 
specimens from varying sites to warrant the char- 
acterization of each case on the basis of the histo- 
logic pictuie 

The outstanding ominous determinant of prev- 
alence of reticulum cells with associated mitoses 

15 statistical!}^ of such compelling nature as to 
warrant — nay, require — a nomenclature based 
primarily on the histologic featuies shown by 
biopsy Such a nomenclatui e, listing the types 
in the order of increasing duiation of the couise, 
has been suggested 

The favoiable elements in the atypical histo- 
logic picture of Hodgkin’s disease comprise pres- 
ervation of follicles, intact capsule, fibrosis, tra- 
beculation oi tendency to giant foUicle formation, 

3 Wallhauser, A Hodgkin’s Disease, Arch Path 

16 522 (Oct ) , 672 (Nov ) 1933 

4 Gemmell, A A Menstruation and Pregnancy in 
Hodgkin’s Disease, J Obst & Gynaec Brit Emp 30 
373, 1923 

5 Gilbert, R Le traitement de la granulomatose 
mahgne par la radiotherapie, J de radiol et d’clec- 
trol 22 577, 1938 

6 Slaughter, D P , and Graver, L F Hodgkin’s 
Disease — Five Year Survival Rate Value of Early 
Surgical Treatment, Am J Roentgenol 47 596, 1942 


vascularity, presence of derivatives or fibroblast- 
like cells and persistence in abundant numbers of 
the small lymphocytic element of the node 

The extent of involvement bears a diiect rela- 
tion to the course, being second m importance 
only to the histologic featuies Tiuly localized 
lesions 111 the ceivical and axillarv legions do 
occur, and these have a much more favorable 
pi ognosis 

The inguinal inv olv ement. though chnicall} 
localized, appeals to have the same significance 
as generalized spread 

The incidence of Hodgkin’s disease is not con- 
fined mostly to the 20 to 40 yeai age group This 
fact IS strikingly brought home by the occuirence 
of the same number of cases (appioximately 20) 
pel yeai m the eleven year peiiod, even though 
one staited with a fairly constant segment of 


Table 6 — Avoage Duration m Months of Tzvo Hundred 
and Twenty-Five Cases of Hodgkin’s Disease 


Generalized 

Total 
After 
Onset of 
Symp 
toms 

After 

Appear 

ance 

of 

>odes 

After 

Biopsy 

Hodgkin’s lymphoreticuloma, tjpical 

18 7 

10 5 

10 0 

Hodgkin’s Ijmphorcticuloma, atjpical 

00 

80 

4 0 

Hodgkin’s granuloma 

34 0 

32 3 

218 

Hodgkin’s lymphoma, atjpical 

04 T 

010 

40 7 

Superficial Multiple Glandular 




Hodgkin’s lymphoreticuloma, tjpical 

21 0 

010 

10 0 

Hodgkin’s lymphoreticuloma, atypical 

14 0 

12 2 

80 

Hodgkin’s granuloma 

50 0 

48 1 

30 8 

Hodgkin’s Ijunphoma, atypical 

107 7 

80 4 

07 0 

Localized 




Hodgkin’s granuloma, inguinal 

43 8 

43 8 

in 0 

Hodgkin’s granuloma, cervical (the 
dead patients) 

840 

840 

17 0 

Hodgkin’s granuloma, ceryical (patients 

still alive) 133 0-^ 

133 G-> 

128 0-> 


population of veterans of 36 years aveiage age 
and concluded with veterans of 47 years average 
age 

This study showed inci eased fiequency of the 
lymphoreticuloma type of Hodgkin’s disease, 
with its saicomatous features, in the older age 
group This contributes to the vvoise prognosis 
of the disease m older patients In fact, the 
repoited incidence of Hodgkin’s disease m the 
older age group will v^aiy as one does or does 
not include the lymphoreticuloma type, especially 
in cases m which autopsy is not pei formed, so 
that the pathologist is not given the opportunit} 
to see the typical pictuie of Hodgkin’s disease 
developed 

The average duration m the groups of cases 
of sufficient number for statistical significance is 
summarized m table 6 The patients have been 
segregated according to the histologic picture 
shown by biops} and the extent of involvement 



GROUP A HEMOLYTIC STREPTOCOCCUS ANTIBODIES 


III A STUDY OF THE SIMULTANEOUS INFECTION OF 
A LARGE NUMBER OF MEN BY A SINGLE TYPE + 

LOWELL A RANTZ, MD 
With the Technical Assistance of Georgian a Dole 
San Francisco 


It IS well known that vaiying amounts of 
circulating antibacteiial and antitoxic antibodies 
are present m the serums of many persons, that 
mci eases m these immune substances may be 
expected to occur following infections and that 
the magnitude of the immune response diffeis 
from individual to individual Raiely, if evei, 
have actual measurements of these antibodies 
been made for large gioups of human subjects 
simultaneously infected with a single strain of 
micro-organism 

An unusual opportunity to perform such 
studies became available recently when an out- 
break of streptococcic phaiyngitis occuircd in an 
Army camp Many of the clinical details of this 
epidemic have been described elsewhere,^ but 
they may be summarized heie Within sixty 
houis more than 300 men were admitted to the 
hospital suffering from typical hemolytic strepto- 
coccus tonsillitis or pharyngitis of varying de- 
grees of severity Appioximately 20 per cent of 
them had a rash and presented the clinical pic- 
ture of scarlet fever None of the men died, and 
only minimal suppurative or nonsuppurative 
complications were observed All were treated 
with the usual amounts of sulfathiazole 

The source of the epidemic could not be traced, 
but hemolytic streptococci, all of which were 
mucoid members of group A and of the Griffith 
subtype 15, were demonstrated in nearly all of 
the throat cultures obtained fiom approximately 
10 per cent of the group Infection in similar 
epidemics usually has occurred through the con- 

From the Department of Medicine, Stanford Uni- 
versity School of Medicine, Stanford University Hos- 
pitals 

These investigations were aided through the Com- 
mission on Hemolytic Streptococcal Infections, Board 
for the Investigation and Control of Influenza and Other 
Epidemic Diseases in the Aimy, Preventive Medicine 
Division, Office of the Surgeon General, United States 
Army 

The work described in this paper was done under 
contract recommended by the Committee on Medical 
Research between the Office of Scientific Research and 
Development and Stanford University 

1 Bloomfield, A L, and Rantz, L A An Out- 
break of Streptococcic Septic Sore Throat in an Army 
Camp, J A M A 121 315 (Jan 30) 1943 


sumption of milk contaminated by hemolytic 
streptococci, and it is reasonable to suppose that 
these men simultaneously ingested streptococci 
in some article of food 

For the purpose of this study, 118 men, who 
entered the hospital during one interval of 
tw'enty-four hours and who had thus under- 
gone similar incubation periods before the appear- 
ance of active infection, were selected for obser- 
vation Serums w^ere collected on the fourth day 
of the disease and again on the twenty-first day 
Clinical obscn^ations w'ere also made in each 
case, some of which wnll be presented in this 
report 

The antistreptolysin titers of all of the serums 
were determined, as were agglutinins for tlie 
homologous type of streptococci These obsen^a- 
tions w ill now be described m detail 

METHOD 

Serums were collected m the usual manner and 
stored at 5 C until used Antistreptolysin titers were 
determined by the metliod of Coburn and Pauli , 2 a 
single lot of streptolysin being u-ed for all tests 
Agglutinins were studied by a slide technic previously 
described ^ The methods for the performance of throat 
cultures and for tlic serologic identification of the 
isolated hemolytic streptococci have also been presented 
elsewhere ^ 

RESULTS 

Antish eptolysm Titers — Initial Levels The 
distribution of the studied subjects by initial 
antisti eptolysm titers is presented in table 1 and 
the chart It will be observed that the group 
with titeis tiom 50 to 250 units included nearly 

2 Coburn, A F , and Pauli, R H Studies on the 
Immune Response of the Rheumatic Subject and Its 
Relationship to Activity of the Rheumatic Process, J 
Exper Med 62 129, 1935 

3 Rantz, L A , Kirby, W M M , and Jacobs, A 
L Group A Hemolytic Streptococcus Antibodies 
I Griffith Type Agglutinin and Antistreptolysin Titers 
m Normal Men and in Acute Infection, J Chn 
Investigation 22 411, 1943 

4 Rantz, L A The Hemolytic Streptococci 
Studies on the Carrier State in the San Francisco Area^ 
with Notes on the Methods of Isolation and Serological 
Classification of These Organisms, J Infect Dis 69 
248, 1941 , The Serological Tj^ping of Hemolytic * 
Streptococci of the Lancefield Group A, J Chn Investi- 
gation 21 217, 1942 
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all of the men and that no definite peak inci- 
dence occuired within this range, 39 8 per cent 
had levels above 125 units 

The lelationship between the initial antistrep- 
tolysin titers and the nature of the patient and 
the clinical disease was studied, and two facts 
emerged First, there was no definite con elation 
between the presence of a lash, indicating a lack 
of immunity to the erythiogenic toxin of the 
hemolytic streptococci, and the initial antistrep- 
tolysin titer Subjects with lash were found to 
be evenly distributed through the entiie antibody 
range Second, as the antibody levels increased 
from 50 to 250 units, there was a fairly legulai 
decrease in the percentage of tonsillectomized 
patients These data are summarized m table 1 
Anhstreptolysm Response — The antistieptoly- 
sin titers of 118 patients weie detei mined twenty- 
one days after the onset of the acute illness, and 
the results weie compaied with the initial titeis, 
obtained on the fourth daj- The results are 


Table 1 — Distribution of Subjects Accoiding to Initial 
Antistreptolysin Titei 


Initial 




Per 


Per Cent 

Anti 


Per Cent Number 

Cent 

Number 

Ton 

strepto 

All 

of All 

with 

with 

Tonsillec 

sillec- 

lysin Titer Subjects Subjects 

Eash 

Eash 

tomized tomized 

25 

8 

08 



1 

12 5 

60 

21 

17 8 

4 

19 0 

6 

28 6 

100 

25 

21 2 

6 

24 0 

0 

24 0 

125 

17 

14 4 

1 

69 

2 

117 

166 

17 

14 4 

3 

17 0 

1 

59 

250 

18 

15 2 

6 

28 5 

1 

65 

333 

8 

68 

8 

37 5 

2 

25 0 

600 

i 

34 





Total 

118 


23 


19 



portrayed in the chait The most striking fea- 
ture of these obseivations is the great difference 
in magnitude of antistreptolysin response within 
the gioup Thus, there was a fourfold or greater 
increase in titer in 11 per cent and no increase 
in 28 per cent No correlation was observed 
between the presence or absence of rash oi the 
severity of the clinical disease and the antistiep- 
tolysin response 

Certain relationships between these antibody 
levels in the acute and m the convalescent stage 
of the disease are further analyzed in table 2 
The subjects have been divided into groups on 
the basis of the initial antistreptolysin titer, and 
it will be noted that the average final titer in- 
ci eased from lower to higher levels Most in- 
teresting, howevei , was the fact that the ratio of 
average final titer to initial titer decreased The 
patients with initial levels below 100 units had 
an appi oximately fivefold augmentation of titer, 
whereas those with levels of 250 or more units 
exhibited little increase Similar results were 
observed when the actual number of men show- 
ing an antibody response were considered An 
increase in titer occurred m 90 7 per cent of 


those with initial le^ els of 100 units oi less and in 
only 468 per cent of those with levels of 166 
units or moie 

Study of Type-Spectfic Agglntmms — The de- 
velopment of agglutinins for the homologous 
Griffith type of hemolytic stieptococci was studied 



Antistreptolysin titers of 118 men with hemolytic 
streptococcus pharyngitis determined at the onset of 
the illness (lower dot) and during convalescence (upper 
dot) A simple dot indicates that no rash \\as 
present, a circled dot, that the subject had a lash 
The lines of dashes indicate a fall in hemolysin titer 

by the slide technic in 118 of the cases In 17 
instances an increase in agglutinins occurred, the 
initial seiums having given a negative reaction 
in every case The final titeis weie appioxi- 
matel}- 1 3 m 10 cases, 1 12 m 5 and 1 24 in 2 
These aie believed to be significant changes The 
average increase in anti stieptoly sin titer was 
somewhat greater in this gioup than among the 
patients in whose serum no agglutinins appealed 
Theie was no apparent con elation between the 


Table 2 — Relationship of Antibody Response to Initial 
Antisti eptolysm Titci 


Initial Anti 

Total 
Subjects 
with Each 

Aver a go 
Pinal 
Anti 
strepto 
lysin 

Batio 

A^ erase 
Finai 
Titer 

Number 

nith 

Per Cent 
nlth 

streptolysin 

Antibodj 

Titer, 

Initial 

No Ee 

No Ee 

Titer 

Ixivel 

Units 

Titer 

sponso 

sponso 

25 

8 

1C3 

C7 

1 

12 5 

50 

21 

222 

44 

1 

48 

100 

25 

211 

21 

3 

12 0 

125 

IT 

310 

25 

4 

235 

IGG 

17 

345 

21 

9 

52 9 

250 

18 

3C0 

1 4 

9 

50 0 

333 

8 

323 

009 

5 

71 5 

500 

Total 

4 

118 

522 

105 

2 

3i 

500 


development of these antibodies and the clinical 
course of the disease, but the number of cases 
was too small for detailed analysis 

COMMENT 

The outbreak of hemolytic streptococcus ton- 
sillitis described in this paper offered what may 
have been a unique opportunity to study certain 
features of group A hemolytic streptococcus anti- 
body mechanics in human beings under con- 
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trolled conditions The simultaneous infection 
of a large gi oup of men of similai age by sti epto- 
cocci of a single type created an experiment 
which usually may be seemed only in the laboia- 
tory in animals The study of the antistreptoly- 
sin content of seiums of 118 patients obtained 
dm mg the acute stage of the illness and three 
weeks later, during convalescence, was instinc- 
tive 

It IS believed that the antibody titeis of tbe 
serums obtained on the fouith day aie compai- 
able to those piesent at the onset of the infection 
Experimental evidence ^ indicates that a demon- 
strable inciease in the antistieptolysm or agglu- 
tinin titei of the seium laiely occurs befoie the 
seventh day following the onset of septic soie 
tin oat Relatively few studies of antistreptolysin 
titeis dm mg the hist \\eek of such infections 
have been desciibed, but the lepoits of Long- 
cope ® and Lippard and Johnson “ tend to support 
this view 

Gieat diffeiences in tlie amount of this anti- 
body piesent initiall}’’ vere demonstiatcd, which 
permitted a con elation between these a allies and 
various featmes of the clinical disease Those 
pel taming to the couise of the illness and com- 
plications will be piesented elsewhere It was 
of interest to leai n that there was no relationship 
between the initial level of antistreptolysin and 
that of the neutializmg antibody foi the erythio- 
genic toxin, as expiessed by lack of deielopment 
of a rash 

It has been pi eviously demonstrated " that the 
rash toxin is antigemcall) distinct from tbe 
labile toxins, of which the hemolysin is one, and 
this conclusion was amply confirmed in this 
study It seems piobablc that several of these 
men, who had high antistieptolysm titeis at the 
onset of their disease but m whom an eiythema 
developed, had previously undergone infection by 
hemolytic streptococci which ineffectively formed 
erythrogenic toxin, so that high levels of anti- 
streptolysin developed without the subject's be- 
coming immune to the skin toxin 

Only a small numbei of the gioup had under- 
gone tonsillectomy, and it was obseived that 
these men had lower initial antistreptolysin titers 

5 Longcope, W T Studies of the Variations in 
the Antistreptolysin Titer of the Blood Serum fiom 
Patients with Hemorrhagic Nepliiitis II Observa- 
tions on Patients Suffering from Streptococcal Infec- 
tions, Rheumatic Fever and Acute and Chronic Hemor- 
rhagic Nephiitis, J Clin Investigation 15 277, 1936 

6 Lippard, V W , and Johnson, P Beta 
Hemolytic Streptococcic Infection in Infancy and Child- 
hood I Antifibnnolysin and Antistreptolysin Response, 
Am J Dis Child 49 1411 (June) 1935 

7 Todd, E W , Laurent, L J M , and Hill, N G 
An Examination of the Relationship Between Strepto- 
coccal Antitoxin and Antistreptolysin, J Patli & Bact 
36 201, 1933 


than did the gioup as a whole This tends to 
confiim the indication of the previous study® 
that the presence of hemolytic streptococci in the 
tonsils of earners is associated with the main- 
tenance of high levels of antistieptolysm It 
ivas, of couise, possible that these men were par- 
tially piotected against infection by the absence 
of tonsils and had undeigone less frequent and 
lecent attacks of streptococcic disease 

Gieat differences in the magnitude of anti- 
stieptolysm lesponse occuired This is impor- 
tant, since such variation m the development of 
antibodies is commonly consideied a factor of 
impoitance in lecovery^ from various infections 
but has probably nevei befoi e been demonstrated 
under controlled conditions m man 

The latio of the final antistieptolysm titer to 
the initial titci \aiied mverseh'’ with the latter, 
since the patients having tbe lowest levels dur- 
ing tbe acute stage exhibited the gieatest pro- 
portional 1 espouse No increase occurred in 
mail} men wdio had high titers at the onset 
Tins indicates that theie w^ere definite levels ot 
antibody above which fuither infection was un- 
able to stimulate increase and that, if response 
occurred wdien large amounts of antibody wTre 
piesent, the relative magnitude of the reaction 
was much less than m the presence of small 
amounts 

An increased titei of agglutinins for the homol- 
ogous type of stieptococci developed in 14 per 
cent of the group, the titers being low This is a 
less active response than has pi eviously been 
showm to occur - following streptococcic tonsil- 
litis, but it IS a further demonstiation of indi- 
vidual variation in antibody formation The in- 
crease in antistreptolysin titer appealed to be 
greater m this group, but there w^as no correla- 
tion between the development of agglutinins and 
the clinical course of the disease 

SUMMARY 

A laige numbei of men of comparable age 
weie simultaneously infected by a single type of 
gi oup A hemolytic sti eptococci Antisti eptolysin 
and agglutinin titeis in the serums of 118 of 
these men weie measuied at the onset of their 
disease and dui mg convalescence Great varia- 
tion in the initial antistieptolysm titeis w^as 
demonstiated There was no con elation between 
the initial antistreptolysin titer and the piesence 
of a rash Theie w^as a relationship between the 
initial level and the absence of tonsils Striking 
differences m the magnitude of antistreptolysin 
response were observed These were closely cor- 
related wuth the initial antibody titer Fourteen 
per cent of the gioup acquired agglutinins for 
the homologous type of streptococci 
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The inteipietation of the readings obtained by 
oscillometry in cases of arteiial disease is ren- 
dered difficult by the numbei of factors which 
may influence the value at any single level of 
the extiemities For instance, the normal 
minimum i eading at the ankle is given by various 
observeis as F 2 / 1>“ 2 to 3 ® and 3 ^ Because of 
these disci epancies, Atlas ® compared the oscil- 
lometiic reading at the ankle with that at the 
wrist and expiessed the lesult m the form of a 
latio Since aitenosclerotic changes usually 
progress moie rapidly m the lower than in the 
upper extiemity, the reading at the wrist may be 
assumed to lepiesent each patient’s approxi- 
mately noimal value, and Atlas demonstrated 
that this oscillometric index (ankle/wrist) pio- 
vides a better basis foi evaluation of the arterial 
status in the leg than does an oscillometric read- 
ing at any single level of the extremity In a 
series of 90 normal adults, Atlas found this 
ratio to be 1 01 more, whereas m a series of 100 
persons with arteriosclerosis of the lower extrem- 
ities, the latio was found to be less than 1 Foi 
these patients with low oscillometric indexes, the 
absolute oscillometric value proved misleading as 
a criterion of aiterial disease of the extremities, 
since in half of them, despite the absence of 
pulsation in both the dorsal pedal and the 

From the Cardiac Service of Beth Israel Hospital 

1 Montgomery, H , Naide, M , and Freeman, N E 
The Significance of Diagnostic Tests in the Study of 
Peripheral Vascular Disease Am Heart J 21 780 
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Med 63 1158 (June) 1939 

3 Bernheim, A R , and London, I M Arterio- 
sclerosis and Thromboangiitis Obliterans, JAMA 
108 2102 (June 19) 1937 

4 Mufson, I Intermittent Limping Intermittent 
Claudication, Their Differential Diagnosis, Ann Int 
Med 14 2240 (June) 1941 

5 Atlas, L A (a) Oscillometric Readings in Cases 
of Arteriosclerotic Disease of the Lower Extremitj', 
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posterior tibial arteiies, the oscillometric leading 
at the ankle was 1 01 more, which is generally 
accepted as noimal The oscillometric index, 
however, "enables the examinei to demonstrate 
in a roughly quantitative way deci eased aiteiial 
pulsation m the lower pai t of the leg ” 

Our contribution to the problem is the cor- 
relation of Atlas’ oscillometiic index with other 
objective evidences of vascular disease, namely, 
lesults of cutaneous tempeiature tests and of 
roentgen examination of the vessels of the lower 
extiemity Such a correlation should indicate to 
what extent the oscillometric index of itself aids 
m evaluation of the arterial status of the lower 
extremities 

CLINICAL DATA 

Oscillometric determinations were made at various 
levels, including the wrist, ankle and foot, on 84 ambu- 
latory patients with heart disease They were unsclcctcd 
with respect to their peripheral yascular status These 
patients (63 men and 21 women), in addition to the 
oscillometric determinations, all had the following spe- 
cial examinations (1) cutaneous temperature tests of 
the lower extremity following posterior tibial nerve 
block, (2) soft tissue roentgenograms of the lower 
extremities for evidence of calcification of the vessels, 
and (3) physical examination of the extremities for 
evidences of arterial insufficiency 

The cause of the heart disease was classified as 
follows arteriosclerosis, 40 patients , hypertension, 2 , 
hypertension and arteriosclerosis combined, 29, rheu- 
matism, 6 , hyperthyroidism and arteriosclerosis, 1 , 
unknown, 6 The ages ranged from 35 to 80, W’lth an 
average of 60 years Results w'ere excluded for patients 
in w'hom edema of the legs was present at the time of 
the oscillometric examination There were no persons 
w'lth thromboangiitis obliterans in the series 

TECHNICS 

OsaUomcUic Index — \fter exposing the arms to 
above the elbow's and the legs to the knees, the patient 
rested in bed for ten minutes before the oscillometric 
readings w’cre made The Boulitte or the Collens oscil- 
lometer was used, identical readings were obtained 
with these two instruments A cuff measuring 2 by 9 
inches (5 by 23 cm ) was used, for the w-rist and ankle 
readings it was applied so that its lower border reached 
the styloid and malleolar processes, respecti\el> The 
room temperature varied on different dajs from about 
20 to 26 C (68 to 788 F) 
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In calculating the oscillometnc index, the average of 
the maximum readings obtained at the two wrists was 
used unless there was evidence of arterial obstruction 
m one arm due to thrombosis or embolism, m which 
case the ratio was calculated on the basis of the value 
obtained on the other arm The figure obtained in this 
way was divided into the value for the ankle reading 
of that extremity on which a cutaneous temperature 
test had been done In cases in which cutaneous 
temperature tests were available for both feet, the oscil- 
lometric index for each lower extremity was studied 
separately (10 cases) , but since the oscillometnc indexes 
were essentially the same for the two legs in each case, 
they were considered as one in the analysis of the data 
In order to test the constancy of the oscillometnc 
index, the index was redetermined on 17 patients within 

Table 1 • — Companson of the Results of Cutaneous Tem- 
peratme Tests on the Same Evtieimty at 
Different Room Tempeialurcs 


Chnngc In 

Mn\!niuin , • , 

Cuta Maximum 

Room neous Room Cutaneous 




Temper 

Temper 

T'emper 

Temper 


Date of 

nturc, 

nturc. 

nturc. 

nturc. 

Patient 

lest 

C 

C 

0 

0 

1 

9/30/38 

23 8 

34 3 




10/20/38 

23 7 

34 0 

—01 

+0 3 

2 

9/18/38 

25 0 

84 0 




10/18/38 

24 C 

33 8 

—1 0 

—02 

3 

11/ 2/38 

23 7 

33 0 




12/18/40 

21 4 

33 0 

—2 3 

0 

4 

10/ 3/38 

23 8 

31 2 




11/29/38 

21 4 

31 8 

-2 1 

-01 


2/27/39 

20 9 

318 

—29 

+00 

5 

10/27/38 

24 1 

33 3 




12/12/38 

20 2 

33 3 

—39 

0 

0 

10/ 3/38 

20 C 

321 




10/12/38 

23 8 

319 

-3 3 

—02 


12/18/4^ 

22 0 

32 2 

—4 0 

+01 

7 

9/18/38 

23 0 

31 0 





20 4 

33 5 

—52 

-0 5 

8 

8/17/38 

32 5 

33 9 





23 3 

33 1 

—92 

—08 

9 

8/17/38 

32 0 

32 4 





21 0 

32 7 

—110 

J-O 3 

10 

8/17/38 

31 2 

33 6 





17 5 

33 3 

—13 7 

—02 

Average 




—4 9 

—0 04 


Six months after the original observations were made 
We found that although the absolute oscillometnc read- 
ings occasionally changed appreciably, the index usually 
remained remarkably constant and did not vary by more 
than 02 from the original value For example, in 1 
instance the initial average reading at the wrists was 
2 5 and at the ankles 3 0, yielding an index of 1 20 , 
five months later the reading at the wrists was 4 S and 
at the ankles 5 5, yielding an index of 1 22 

Cutaneous Temperature Test — To measure the radia- 
tion from the surface of the skin, the Hardy radiometer 
was used ® 

During the course of any given cutaneous tem- 
perature test the room temperature was maintained prac- 
tically constant For different tests, however, the room 
\ 

6 Hardy, J H , and Soderstrom, G F An Im- 
proved Instrument for Measuring Surface and Body 
Temperature, Rev Scient Instruments 8 419, 1937 
Hardy, J H The Radiation of Heat from the Human 
Body, J Clin Investigation 13 593 (July) 1934 


tempeiatures ranged from approximately 20 to 26 C 
(68 to 78 8 F ) It was demonstrated in another series 
of experiments that such differences in the room tem- 
pera'ture did not influence the results (table 1 and 
chart 1) For one group of patients (patients 1 to 6) 
the cutaneous temperature test was repeated on the 
same extremity on different dates For another group 
(patients 7 to 10) successive tests were carried out on 
the same day at different temperatures, an oxygen tent 
was used to secure the colder environment It should 
be noted that results of duplicate tests at different 
temperatures vaiying as widely as 13 degrees (C) (234 
degrees [F ] ) were not significantly different , for an 
average change of 4 9 degrees (C ) (8 8 degrees [F]) 
in the environmental temperature, the average change in 
the vasodilatation temperature was negligible 
The procedure for the cutaneous temperature test 
was as follows After exposing the legs to the knees, 
the patient rested in bed for fifteen minutes before the 
test was started The temperature of the skin on the 
dorsal surface of the great toe of each foot was deter- 
mined at inter\als of five minutes until a constant level 
was reached or until the temperature of the toe began 
to decrease This required from fifteen to forty minutes 
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Chart 1 (table 1, patient 3) — Curve 1 shows the 
cutaneous temperature of the great toe after posterior 
tibial nerve block determined on Nov 21, 1938, and 
curve 1 A, the room temperature during the test Curve 
2 show’s the cutaneous temperature similarly determined 
on the same foot about one month later at a different 
loom temperature, 2 A Note that the same vasodila- 
tation temperature (33 6 C [92 5 F ] ) was attained in 
both tests in spite of a difference of approximately 
2 degrees (C ) in the room temperature It is inter- 
esting that the oscillometnc index in this instance was 
027, despite the normal vasodilatation temperature 

Block of the posterior tibial nen’e was then induced 
in one extremity by local infiltration with 10 cc of a 
2 per cent aqueous solution of procaine hydrochloride 
The nerve block was judged satisfactory if there was . 
loss of sensation to light touch on the dorsal surface 
of the big toe Results for patients in whom the nerve 
block was judged incomplete were excluded During 
the development of anesthesia, readings of cutaneous 
temperature were continued at five minute intervals 
until the readings obtained from the anesthetized toe 
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had reaLhed and passed a peak, as indicated by declining 
values The results of two typical tests are shown in 
chart 1 

To ascertain the normal vasodilatation temperature 
under these conditions, we examined 14 patients who 
were under 35 years of age (average 25 years) and 
who had mitral valvular disease without clinical evi- 
dence of vascular disease of the extremities In this 
group the maximum cutaneous temperature after block- 
ing of the posterior tibial nerve ranged from 32 7 C 
to 34 7 C (90 8 to 947 F), with an average of 33 7 C 
(92 7 F ) These results suggest that a value of less 
than about 32 5 C (90 5 F ) may be abnormal This is 
in harmony with the figure 32 C (89 6 F ) taken by 
Gibbon and Landis as representing the lower limit of 
the normal vasodilatation temperature determined under 
somewhat different conditions " 

CORRELATION OF THE OSCILLOMETRIC INDEX 
WITH OTHER TESTS OF ARTERIAL DISEASE 

For analysis, the 84 subjects who form the 
basis of this study weie divided aibitraiily into 


cutaneous temperature studies increases This 
suggests that a value of 0 75 may be regarded 
as the low er limit of normal, rather than an index 
of 1 0 as stated by Atlas 

Calcification, it may be noted (table 2), occuis 
in 37 to 40 per cent of the patients haMiig a 
noimal oscillometric index When the index falls 
below 0 75, the incidence of calcification of the 
arteries of the lower extiemities approximate!} 
doubles, when the index falls below 0 51, cal- 
cification occurs in 100 per cent of the patients 
It IS noteworthy that not only the incidence but 
the extent of calcification increases as the index 
falls 

The cutaneous tempeiatuie test shows a nor- 
mal aveiage value (33 0 C [914 F ] oi more) 
until the oscillometric index falls below 0 31, 
when the vasodilatation tempeiatuie declines to 
an average of 318 C (89 2 F) (table 2) 


Table 2 — Coi > elation of the Oscillometric Index with Otlio Laboiatoiy and Clinical Data 
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Cases 

Cent 

Yr 

Cent 

Cent 

C 

Cent 

Cent 

Cent 

Cent 

Cent 

1 0 or more 

33 

64 
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* Vessels of the lower e\tremities 

■f Pulsations absent in both dorsal pedal and posterior tibial arteries 


several gioups accoiding to the oscillometiic 
index those with an index of 1 0 oi more , those 
with indexes of 0 99 to 0 75, 0 74 to 0 51 and 
0 50 to 0 31 and those with an index of 0 30 or 
less ' It may be seen in table 2 that these gi oups 
aie essentially compaiable with lespect to age, 
sex and incidence of hypei tension The incidence 
of diabetes melhtus, howevei, is appieciably 
higher for the gioups with an osallometiic index 
below 0 51 

A correlation of the oscillometiic index with 
the data secured by othei means of examination 
shows (table 2), fiist, that the groups with an 
index of 1 0 01 moie and the one with an index 
of 0 75 to 10 aie essentially similar and, 
secondly, that as the oscillometiic index falls 
below 0 75, the per cent of subjects with 
'abnoimal findings b} loentgen examination and 


7 Gibbon, J H, Jr, and Landis, E M Vaso- 
dilatation m the Lower Extremities in Response to 
Immersing the Forearms in Warm Water, J Clin 
Investigation 11 1019 (Sept ) 1932 


Since theie is some disagieement m the hteiatuie 
as to what constitutes the lonei limit of the 
noi mal vasodilatation tempei ature, the data wci e 
anal} zed with respect to the pei cent of subjects 
having \ allies below both 32 5 and 31 5 C (90 5 
and 88 7 F ) With use of either of these figuics 
It ma} be seen that the most sti iking use in the 
incidence of abnoimal cutaneous teinpcratuics 
occuis when the oscillometiic index falls below 
0 31 It should be noted, howeiei, that m this 
lowest range of the oscillometric index, the vaso- 
dilatation tempeiatuie was normal in 3 instances 
A con elation of the oscillometiic index with the 
vasodilatation temperature is shown in chait 2 
In the case of the clinical examination, the 
incidence of absence of pulsations on palpation 
of the doisal pedal and posteiioi tibial arteiics 
inci eases shaiph when the oscillometric index 
falls below 0 51 this fact is substantiated b} a 
similai obseiiation with lespect to the incidence 
of a zero oscillometric reading at the foot 
(table 2) Foi the group of subjects v ith an 
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oscillometric index in the lowest lange (below 
0 31), the clinical diagnosis was arteriosclerosis 
obliterans These patients all had physical signs 
of arterial insufficiency, including pallor on eleva- 
tion and rubor on dependency , 6 had intermittent 
claudication, but in all the subjects physical 
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Chart 2 — Correlation of the oscillometric index and 
the cutaneous temperature after posterior tibial nerve 
block for 84 subjects 


activity was limited by a low caidiac reserve 
All had extensive calcification on roentgen exam- 
ination The cutaneous temperatuie test con- 
firmed the presence of occlusive arterial disease 
in 10 of the 13 subjects, m these 10 the vaso- 
dilatation temperature ranged from 30 3 to 
32 2 C (86 5 to 90 F ), with an average reading 
of 31 4 C (88 5 F ) , m the other 3 subjects, the 
vasodilatation temperatuies weie 33 6 (92 5 F ) 
(duplicate readings on 2 tests as shown m 
chart 1), 33 4 (92 1 F) and 32 6 (90 7 F), 
respectively 

The finding of a normal vasodilatation tem- 
perature together with a low oscillometric index 
13 perhaps surprising A possible explanation is 
that the lowering of the oscillometric index for 
these persons is the result of an extiemely in- 
elastic vessel wall due to heavy calcification of 
one or more large arteries m the leg, while the 
relatively nonpulsatile arterial flow through the 
pipestem vessel lemams adequate Anothei 
possibility is that adequate collateral ciiculation 
has been established m the foot after occlusion 
of a section of one of the laiger arteries above 
the ankle , the development of adequate collateral 
flow under these conditions has been demon- 
strated by means of aitenogiaphy ® In view of 


the positive clinical signs of arterial msufficiencj 
m these subjects, it appears that occasionally the 
oscillometric index may be a more reliable guide 
to the piesence of ai tei losclerosis in the lower 
extiemity than is the cutaneous temperature test 
The data were analyzed to determine whether 
a single oscillometric reading at the foot or ankle 
would yield as much information regarding the 
aiteiial status as does the oscillometric index 
Chart 3 shows that m general there is a correla- 
tion of the ankle reading with the oscillometric 
index Thus, no patient with an ankle reading 
above 4 0 had an oscillometric index below 0 75, 
and no patient with an ankle reading of less 
than 1 had an oscillometric index above 0 3 
or a vasodilatation temperatuie above 32 5 C 
(90 5 F ) However, it may be seen that for 
ankle readings between 1 and 4 the oscillometric 
index and the vasodilatation temperature var\ 
widely, yielding both normal and abnormal 
\ allies, hence an ankle reading wdneh falls in 
this range must be regarded as ambiguous 
A comparison of the oscillometric reading at the 
foot w'lth the oscillometric index (table 3) 
similarly show's that oscillometric readings at the 
foot w'hich fall m the range of to 2 are 
ambiguous, since the oscillometric index for 
these patients vaiied from 0 3 or less to 0 75 or 
more However, no patient wuth a reading at 


OSCILLOMETRIC READING 
AT THE ANKLE 



Chart 3 — Correlation of the oscillometric index, the 
oscillometric reading at the ankle and the cutaneous 
temperature after posterior tibial nerve block for 84 
patients 


8 Yates, W W Maintenance of the Functional 
Integrity of Occluded Large Arteries as Demonstrated 
by Thorotrast Arteriographv, Am J M Sc 194 372 
(Sept) 1937 


the foot of more than 2 had an index less than 
0 75, and no patient with a zeio oscillometric 
leading at the foot had an oscillometric index 
above 0 3 It is apparent that the oscillometric 
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index IS, in geneial, moie useful in evaluating 
aiterioscleiosis of the lowei extiemity than is 
the oscillometiic reading at the foot oi ankle 
when the lattei leadings fall wnthin these intei- 
inediate langes 

SIGNIFICANCE OF OBJECTIVE TESTS IN 
CASES or ARTERIOSCLEROSIS OE 
THE LOW^ER EXTREMITY 

The data weie next analyzed to answei, if 
possible, ceitain questions i elating to the life 
history of aiteiioscleiosis in the lowei extiemitj 
and to ciiteiia for the diagnosis of this con- 
dition Fust, wdiich of these objective tests — the 
soft tissue loentgenogram, the oscillometiic index 
and the cutaneous teinpeiatuie test — yields the 
earliest clue to the existence of aiteiioscleiosis 
in this pait of the body, second, how often does 
each test piowde the sole evidence of aiteiio- 
scleiosis, and, thud, can any one test alone be 
lelied on to establish this diagnosis’ 

Table 3 — Comparison of the Osctllometuc Reading 
at the Foot with the OsciUometnc Index 


Osoillomctric Reading at the Foot 

JL 

21^ or 



Total 

0 

to ^ 

% to 1 n/a to 2 

More 

Oscillometnc 

No of 

Per 

Per 

Per 

Per 

Per 

Index 

Cases 

cent 

cent 

cent 

cent 

cent 

0 75 or more 

53 

0 

34 

30 

29 

7 

0 71 to 0 31 

18 

11 

40 

39 

10 

0 

0 30 or less 

13 

30 

40 

24 

0 
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It IS appaient that loentgen examination 
usually affoids the earliest evidence of this con- 
dition, foi calcification of the vessels w^as noted 
111 about 38 pel cent of the gioup with a normal 
oscillometiic index None of these 20 patients 
wuth calcification had clinical evidence of arteiial 
insufficiency, and the vasodilatation tempeiatuies 
w'eie also noimal, except possibly in 2 instances 
(32 2 and 32 1 C [90 and 89 8 F], respec- 
tively) Excluding these 2, calcification w^as the 
sole abnormality demonstrable by these tin ee 
tests in 21 4 pei cent of the series of 84 subjects 
A low'^ oscillometnc index was the sole abnoi- 
malit}' 111 2 of the 11 subjects foi ivhom the index 
fell in the intei mediate lange of 0 74 to 0 51, oi 
111 appi oximately 2 4 pei cent of the sei les of 
84 subjects In 1 additional instance an oscil- 
loiiietiic index of 0 62 was associated with a 
vasodilatation teinpeiatuie of 32 2 C (90 F) 
When the oscillonieti ic index w'as 0 5 oi less, 
calcification w^as always piesent and fiequentl) 
B low 1 asodilatation temperature and clinical 
signs of aiteiial insufficiency w'eie noted 
When the r asodilatation temperature was in 
the low^est lange, below' 31 5 C (88 7 F ), all 


other methods of examination which weie em- 
plojed levealed arterial disease of the lowei 
extremities Howe\ei, the cutaneous tempera- 
tuie test was the onl} objective technic sugges- 
tive of such pathologic change in 3 of the 12 
subjects wuth vasodilatation tempeiatuies below 
32 C (89 6 F ) and in 5 of the 22 subjects 
w'lth vasodilatation tempei atm es below' 32 5 C 
(90 5 F ) These figuies lepiesent 3 5 and 6 0 
pel cent resj^ectively of the senes of 84 subjects 

Thus at the two exti ernes w’ere the giouji 
(IS subjects) W'lth minimal functional changes, 
in whom the vasculai examination ie\ealed 
nothing abnoimal except calcification, and the 
group (20 subjects) w'lth advanced aiteiial 
insufficiency, in whom seveial oi all of the tests 
3 'ielded abnoimal results In an intei mediate 
gioup (46 subjects) w'e should have been 
unceitain as to the existence of aiteiial disease 
except foi the oscillometiic index in 2 instances 
(4 3 pel cent) and the vasodilatation teinpeiatuie 
(below 32 5 C ) in 4 (10 9 pei cent) The soft 
tissue loentgenogram seems to be the most 
tellable, though not an infallible, technic foi the 
detection of the meie piesence of aiteiioscleiosis 
but no single test can be lehed on to establish 
this diagnosis m all cases Judgment as to the 
couise of aiteiioscleiosis oi the degree of occlu- 
sive disease ideally should be based on examina- 
tions which include deteimination of both the 
oscillometiic index and the vasodilatation 
tempei ature 

PRACTICAL VALUE OF THE OSCILI OMET RIC 
INDEX 

In evaluating the usefulness of the oscil- 
lometiic index, one should considei the test in 
I elation to seveial diagnostic pioblems The 
fiist of these is how' to distinguish intei mittent 
pain in the low'ei extiemit) w'hich is of non- 
vasculai oiigin from that w'hich is due to arterial 
insufficiency As Mufson ‘ has pointed out the 
diffeientiation of intermittent limping due to 
orthopedic oi neurologic changes fiom intei - 
mittent claudication due to peripheial vasculai 
disease presents many difficulties, he noted 
how'ever, that “an equalh noimal o'^cillomcti ic 
leading on both legs is the most dependable Mgn 
of a competent peiipheral ^asculal sjstem 
Since our data show' that the oscillometnc indc' 
IS a more reliable guide to ai terial function than 
is the absolute oscillometnc leading at cithci the 
foot or the ankle, it would follow' from this state- 
ment that the oscillometnc index is the most 
useful single technic to determine whether tlie 
pain is or is not due to arterial insufficiency 
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In the piesence of a noimal oscillometuc index, 
one may be assured that this symptom is not due 
to ai tenosclei osis 

The second pioblem is as follows Given a 
patient with arteiioscleiosis and aiteiial insuffi- 
ciency of the lowei extiemities, how ma}' one 
discovei what lole the factoi of spasm and what 
1 ole the factoi of organic nai i oiving of the lumen 
plays ill the occlusive piocess^ The cutaneous 
tempeiatuie test after nerve block jields the final 
answei to this question Oui data show, how- 
ever, a close, although not peifect, con elation 
between the lesults of the cutaneous temperatuie 
test and the level of the oscillometuc index 
Thus, a small piopoition (13 per cent) of the 
subjects with a noimal index (0 75 or moie) 
had vasodilatation tempeiatuies wnthin the 
boiderhne lange of 32 5 to 315 C (90 5 to 
88 7 F ) and none had a cutaneous tempeialmc 
below 31 5 C (88 7 F ), whereas nearl}’’ half of 
the patients with a ^ely low index (0 3 or less) 
had a vasodilatation tempeiatuie in this boidei- 
hne lange and in one third the cutaneous tem- 
peiature -was below 31 5 C (88 7 F ) Such a 
con elation is to be expected, because the lowei 
extremities are usuall} affected by ai teno- 
sclei osis earhei and to a gieatei degree than 
aie the uppei extremities, this fact has been 
pai ticularl)’’ well demonstrated by Sappinglon 
and Floineff by means of microscopic com- 
pansons of the tibial and ladial ai tones foi the 
different decades of life Because of the gen- 
eial parallelism betw>'een the oscillometric index 
and the cutaneous tempei atui e af tei nei ve block, 
a fairly lehable judgment can be made by means 
of the foimer, simplei, technic as to the relative 
roles pla\ed b) organic occlusive disease and by 
functional spasm in the pioduction of aiteiial 
insufficiency 

A thii d problem relates to the evaluation of the 
aitenal status in a patient who is found by 
roentgenogram to have calcification of the vessels 
of the low^ei extiemities The incidence of this 
abnormality in the absence of symptoms is 
perhaps suipnsingly high Thus Sappington and 
Horneff ° reported that sections of the tibial 
artery showed calcification in 37 per cent of a 
group of patients 41 to 60 years of age presenting 
no definite signs of aiteiial obstiuction in the 
extiemities This figuie is in close agieement 
wuth the 38 per cent incidence of calcification 
observed by roentgenogiam m oui series of 53 

9 Sappington, S W , and Horneff, J A Tibial 
Artery Changes in Comparison with Those of the Radial 
and Coronary Arteries, Am T M Sc 201 862 (June) 
1941 


patients of similar age and with an oscillometuc 
index above 0 75 , these patients also showed no 
evidence of ai terial insufficiency How^ this situa- 
tion arises has been explained by Hines and 
Baikei “In aiteiiosclerosis obliterans, cal- 
cification and othei foims of degeneration of the 
medial coat have no clinical significance m them- 
selves, inasmuch as they do not cause significant 
inteifcience wuth the flow of blood The impoi- 
tant component of the lesion piesent in ai teno- 
sclei osis obliterans seems to be the atheromatous 
plaque, because this is lesponsible in itself foi 
paitial occlusion of the lumen, and it is the locus 
for the development of the thrombus wdiich com- 
pletes the occlusion ” Since m our series 
lowmiing of the oscillometric index below' 0 75 is 
associated with a piogressive inciease in the inci- 
dence of calcification up to 100 pei cent foi the 
lowest indexes and w'lth an inciease in the inci- 
dence ot abnormal cutaneous temperatures, an 
abnormal oscillometuc index may be taken to 
indicate that the atheiomatous occlusive piocess 
IS being superimposed on the medial calcification 
Thus It ai:)peai s that the le^ el of the oscillometric 
index pi ovides a satisfactory guide to the degree 
of the occlusive process even m the presence of 
calcification of the vessels 

SbMMAR\ AND CONCLUSIONS 

The oscillometuc index (ratio of the oscil- 
lometnc reading at the ankle to that at the 
w'rist), the cutaneous temperature following 
posterioi tibial ner\e block and the presence oi 
absence of calcification of the a essels of the low ei 
extremities m the i oentgenogi am w'ere deter- 
mined foi 84 ambulatory patients w'lth heait 
disease 

A coi relation of the data obtained b) these 
three laboratoiy aids (oscillometiy, cutaneous 
tempeiatuie test and soft tissue roentgenogram) 
show's that as the oscillometuc index decreases 
the incidence and extent of calcification of the 
vessels of the low'ei extiemity and the incidence 
of abnoimal cutaneous tempei atures inciease 

In the presence of a normal cnculation in the 
upper extremity, an oscillometuc index of 0 75 
or moie almost alwaj's indicates adequate aiteiial 
function in the lower extremity Similaih an 
index of less than 0 75 indicates scleiotic changes 
in the aiteries of the leg, piobably with calcifica- 
tion, and an index of 0 3 or less indicates exten- 
swe calcification and piobably advanced occlusne 
aitenal disease 

10 Hines, E A , Jr , and Barker, N W Arterio- 
sclerosis Obliterans A Clinical and Pathological Study, 
Am J M Sc 200 717 (Dec ) 1940 
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The oscillometric index is of gieatei ^alue m 
estimating the piesence and degree of arterio- 
scleiotic disease m the lo\\ei extiemity than is 
the oscillometric reading at the foot or ankle 
nhen the lattei readings fall within an inter- 
mediate range of about 1 to 4 at the ankle and 
^ to 2 at the foot 

An oscillometiic leading of more than 4 at the 
ankle or moie than 2 at the foot nearly ahva}s 
indicates noimal aiteiial flow, and a leading of 
less than 1 at the ankle or 0 at the foot indicates 
occlusive aiteiial disease 


lA/ 

Roentgen examination foi calcification of the 
vessels usually affords the caihest eiidence of 
arteiiosclerosis of the lovei extremities 

Final appraisal as to the degree of occlusne 
arterial disease of the lovei extremities idcalh 
should be based on examinations \\hich include 
determination of both the oscillomcti ic index and 
the vasodilatation tempeiatuie 

Duplicate deteimmations of cutaneous tempei- 
ature on 10 patients shoved that a lariation of 
seveial degiees (C ) m the room temperature 
does not mateiially influence the i asodilatation 
tempeiatuie after posterior tibial ner\e block 
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ALLERGY IN THE ARMY 

The Aimy is cautious about acceiiting selectees 
\\ho gne eMclence of having hay fe\ei, asthma 
01 eczema, and this is propei The symptoms 
cany a potential iisk of latei disability tv Inch is 
often consideiable, and so fai the methods of deal- 
ing with these alleigic states are not developed as 
well as they might be m the Aimy 

In the First Army Corps Aiea, Hjde and 
Kingsley ^ made a stud}’’ of the incidence of al- 
lergy among the legistrants at the induction 
centei Theie were 60,000 legistiants, and of 
these 21,500 weie lejected Alleigy, hotv'ev^ci, 
was the cause of less than 1 pei cent of the 

I ejections Theie weie onlj'' 495 i elections on 
account of allerg}^ and most of these weie for 
asthma It is interesting that theie were only 

II men with eczema and 12 with deimatitis in 
this laige group Incidentall}^, the ofikers le- 
viewed the social classification of the rejected 
men and found that almost twice as man) allergic 
pel sons came fioin the semiiuial distiicts as 
came fi om the crowded tenement areas It looks 
as though alleigy were a disease of the countiy 
more than of the city 

After selection has been accomplished and 
training begun, the incidence of allerg)'- appeals 
to inciease, and it is highei in this wai than it 
was in World Wai I In 1918, only 5 men per 
bundled thousand weie dischaiged fiom the 
Army because of asthma, but from June 1, 1941 
to Oct 1, 1942 Blank ^ saw 1,833 patients in the 
allergy clinic in Foit Eustis, and 78 of these, or 
4 per cent, were given disability discharges, all 
but 3 because of asthma More recently. Colonel 
French and Major Halpin ® have shown what 
can be done by inci easing the knowledge and in- 
terest in allergy in one seivice command With 
an expendituie of less than $500 they were able 

1 Hyde, R W , and Kingsley, L V Distribution 
of Allergic States in Selectees, J Allergy 14 386, 
1943 

2 Blank, P Military Aspects of Allergy, J Lab 
& Clin Med 28 609, 1943 

3 French, S W , and Halpin, L J Army Allergy 
Report on Allergy Clinics in the Fourth Service Com- 
mand, Ann Allergy 1 1, 1943 


to supply testing and treatment materials to 59 
difterent clinics m the Fourth Corps Aiea In 
each station hospital an allergy clinic was or- 
ganized and the peisonnel were given special 
mstiuctibn The result is interesting Since 
Maich 1942, 3,419 Aimy and 498 civilian patients 
hav'e been treated Of these, 1,153 weie admitted 
to the hospital, to stay an aveiage of eighteen and 
one-tenth days Of the 3,419 Army patients, 
195, 01 6 per cent, were discharged from the 
service, about the same proporbon as in Blanks 
series On the other hand, 267 men w'ere re- 
classified and ictained in the service In this 
senes hay fevei w'lthout asthma accounted foi 
1,269 cases, wdnle asthma was piesent in about 
1,000 Meantime there w'ere 350 cases of urti- 
caria, 79 of migiaine and 138 of eczema All 
these figures look large until one considers what 
might be the total number of men in the Fourth 
Corps Area In the Massachusetts Genoal Hos- 
pital Nezvs IS an interesting lettei wduch states 
that 111 a base hospital in North Africa asthma 
stood thud m the list of medical disabilities 
(psychic disorders were first , gastrointestinal 
disease w'as second, and asthma w'as third) 

It IS evident that the problem of allergy is of 
practical importance in the Army in spite of the 
effort to eliminate persons who present “signifi- 
cant” symptoms of it It is to be hoped that 
the authoiities will recognize the accomplish- 
ments of Colonel Fiench and will consider bet- 
tei methods, first of recognition and elimination 
and then of treatment, in case the elimination of 
this troublesome group of disabilities has not 
been successful 

HAY TEVER 

Hay fever is still an open pioblem There 
aie a few advances this yeai but not enough 
Loveless has continued her studies on the block- 
ing antibody Last year she ^ made an intei est- 
ing study on 3 normal volunteer subjects treat- 

4 Loveless, M H Immunological Studies of Pol- 
linosis III Fluctuations in Antibody-Titer of Normal 
Individuals Subcutaneously and Intravenously Injected 
with Pollen Extract Over Protracted Periods, J 
Immunol 44 1, 1942 
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iiig them with laige doses ot pollen extract given 
at intervals for several months The blocking 
antibody w^as pioduced in higher concentration 
b) tieatment wnth alum-precipitated (particulate) 
ragw^eed than by injections of clear solutions 
Also she found that wdien an extra dose was given 
after a rest period of seveial months the con- 
centration of the blocking antibody increased 
lapidly and to a high level This result sug- 
gests that the perennial method of treating hay 
fever wnth doses given at intervals of seveial 
wrecks throughout the }ear ought to he more ef- 
fective than the more conventional preseasonal 
method This year m a study lepoited in a 
paper read before the Ameiican Societj for the 
Study of Asthma and Allied Conditions, Dr 
Loveless ^ has shown that the titei of the block- 
ing antibody vanes in accordance wnth the symp- 
toms of the patient She believes that the relief 
from symptoms depends on the development of 
this particular antibody 

Hampton and co-woikeis ” in Dr H L Alex- 
ander’s clinic at M^ashington University in St 
Louis, have developed a method of detecting the 
thermostable antibod}' by a precipitin reaction 
Rabbits are inoculated wnth a suspension of lag- 
w^eed proteins precipitated by aluminum hydrox- 
ide cream, and the resulting immune seium is 
used to test the excess of ragw'eed w'hich may 
remain wdien the patient’s serum is mixed wnth 
small quantities of ragw^eed If the union be- 
t\veen serum and ragw^eed is firm, no excess le- 
sults, and there is nothing which blocks the 
reaction , but if, on the other hand, an excess of 
lagw^eed can be demonstrated one can say that 
not all the ragweed has been combined The 
method deserves further study Fiank and Gel- 
fand '' looked for blocking substances effective 
for lagw^eed in other kinds of serum They 
found, how’-evei, that convalescent scailet fevei 
serum was unable to inhibit the union of lag- 
W'eed antibodies wnth the antigen and that the 
serum from patients with pneumonia oi measles 
w^as hkewnse ineffective 

These researches arc important, but one should 
bear nr mmd that in hay fever it is the sessile 

5 Loveless, At H Immunological Studies of Pol- 
Imosis lY The Accelerated Immune Response m Ha\ 
Fe\er Patients, read before the American Socictj for 
the Stud\ of Asthma, New \ork, Dec 5, 1942 

6 Hampton, S Johnson, C , Mexander, H L , 
and Wilson, K S Detection of the ‘ Thermostable” 
Antibodv by I^Ieans of the Precipitin Reaction J 
Allergj 14 227, 1943 

7 Trank D E , and Gelfand, H H Studies on 
the Blocking A^ntibodr m Serum of Rauweed-Treated 
Patients 1 A Search foi Inhibiting Substances in 
Othei Tipes of Immune Serum I AllergA 14 273 
1943 


cellular antibodie's which aie ot pailicuku imjmi- 
tance Dr R A Cooke once asked me whethei 
the Widal reaction (a test for antibodies) wa^' a 
true index of immuniU from tjphoid ferei ' 

There aie other studies ot antibodies which 
do not refer diiecth to ragweed but whicli au 
nevertheless of mteiest Kiilka ^ loiind that anli- 
gen-antibod}’' mixtines (antipneumococcus scium 
with specific poh saccharide) fail to slimulate a 
stiip of isolated muscle unless an excess ol Inc 
antibody is piesent Hanscn-Pi uss and Rar - 
mond ° found that the scrum of alleigic women 
contains the highest late of leagin litci on ill 
last da} of mcnstuiation This titei is in iincisc 
pioportion to the Icrel of estiogen On the otlu i 
hand, Von Llaam and Roscnfcld obscired ihat 
estione pioduced a lemaikable increase m spe- 
cific antibodies when it was given to both cas- 
trated and noncastiated labbits ot both st,\cs 
previously tieated with pneumococcus ^acclno 

The question of the spccificit} of the lagwcid 
antigen is of great piactical impoitance Simon ” 
studied the aliei genic lelationship between tlie 
pollens of chvarf and giant lagw'eed and serei.d 
of their botanic relatives Fust he found that of 
40 patients sensltl^e to the lagweeds '^8 reacted 
to skin tests wnth othei composilae Seitimfiom 
6 of these w^as mixed with cxtiacts of vaiious 
pollens, and then the mixture was injected into 
the skin of nonsensitne recipients Latei the 
piepaicd sites w'eie tested with othci extiact^- 
The question was whether the allcigx resulted 
fiom exposure to each species separate!} oi 
wdrethei the multiple sensitiveness shown In skin 
tests could be explained on a basis of ‘Aiossed 
reactions” In 4 of the 6 eases dwaif lagweed 
could have been the onl} sensiti/ing agent, for 
none of the other jrollens could neuliali7e the 
antibodies foi this ragweed In none of the 6 
could cosmos, sunflowei goldenrod oi dandelion 
have been tbc onl} sensitizing allergen Simon’s 
experiments show that the pollens of ragweed 
and their botanic lelatnes contain multiple com- 
mon allergic determinants as well as specie^-spc- 
cific alleigens Difteient persons exposed to thi'- 

8 Kulka, A M Studies on \ntibod\- \ntigen 
Mixtuics II The Eficct on Normal Lumg Evened 
Tissue and Its Dependence on the Presence oi Tree 
Antibode m the Ivlivturc, J Immunol 4G 2V 1943 

9 Hansen-Pniss O L and R.iMuond, R Influ- 
ence of the Menstrual Oele on the liter oi Circulat- 
ing Allergens, J Chn Endocrinol 3 81 1943 

10 Von Haam E and Roscnfcld, I The efT'ct oi 
Estrone on Antibodc -Production J Immunol 43 ]0'9 
1942 

11 Pinion, r \ Allergenic Rel itionstiiji <>’ tl’s 
Pollens of Dwarl and Giant Ragwtei to Sice*''l o 
Iheir Botanic Retainer J Evper Med 77-18' TG3 
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gioup of pollens may become sensitized to one 
01 moie membeis m one case and to othei mem- 
beis 111 othei cases Specificity is piesent, but 
ciossed iclationships aie fiequent and impoitant 

Pollen Chcnnshy — This is important, because 
the chemical mixtures which constitute loutine 
extiacts cause effects which aie always hard to 
inteipret Abiamson, Engel and Mooie^- have 
continued then electiophoietic analyses of pollen 
In timothy pollen theie is a majoi component 
which moves slowly m the electiical field and is 
coloiless, but m addition theie aie at least six 
other components which are negatively chaiged 
and aie pigmented It is important to note that 
each one of these fi actions elicits a positive reac- 
tion in skin tests on sensitive patients 

Cohen and Fiiedman tiied to extend Stull’s 
experiment m wdnch “fraction I” was split oft 
fiom the crude ragw’eed extract by half saturating 
the solution w ith ammonium sulfate By a com- 
bination of ammonium sulfate pi ecipitation, dial- 
ysis, and fieezing and thawnng, they obtained a 
purified globulin wdnch appeared to react spe- 
cifically with its owm leagin They were able 
to produce ciystals wdnch w'ere highly active in 
diiect skin tests and wdnch had a high neutiahz- 
ing capacity as tested on labbit antiragweed 
serum It looks as though Cohen and Friedman 
had ariived at a faiily puie product 

Haish and Huber digested the extract of 
giant ragiveed pollen wnth fieshly assayed pan- 
creatin and also wnth highly active pepsin The 
skin test activity of the digest w'as greatly re- 
duced, but, on the othei hand, it w’-as not elim- 
inated entiiely 

Finally, New'ell,^® w^oiking in the laboratoiy of 
physical chemistry at the Haivaid Medical 
School, through the couitesy of Piofessor Cohn 
used ample quantities of mateiials wnth good 
technic and was able to sepaiate what appealed 
to be a numbei of sepaiate fi actions fiom the 
crude lagweed material Some of these were ob- 
tained by concentiated phosphate buffeis, othei s 
by precipitation wnth ethyl alcohol and still others 
by precipitation with ammonium sulfate Each 
of these fi actions was then studied in the Tiselius 

12 Abramson, A , Engel, M G , and Moore, D H 
Skin Reactions to Electrophoretic Fractions of Timothy 
and Pollen Extract, J Allergy 14 65, 1942 

13 Cohen, M B , and Friedman, H J Preliminaiv 
Report on the Fractionation of Ragweed Pollen and 
Immunologic Studies with These Fractions, J Allergy 
14 368, 1943 

14 Harsh, G F , and Huber, H L Studies of 
Tryptic and Peptic Digestion of Extracts of Giant and 
Ragweed Pollen, J Allergy 14 121, 1943 

15 Newell, J M Electi ophoretic Studies on the 
Chemical Fractionation of Ragweed Pollen Extracts, 
J Allergy 14 444, 1943 


appaiatus so that the electrophoretic pattern could 
be detei mined Wheieas single peaks in the rec- 
01 d of the movement of various piotem com- 
ponents might indicate a substance of single 
chemical purity, multiple peaks demonstrate that 
seveial difterent substances are present New^ell 
found that without exception each of the frac- 
tions which he had prepaied so carefully w'as 
“contaminated” , none of them show'ed a single 
peak , each of them ga^ e evidence of the presence 
of some othei substance besides the fi action de- 
siied Wheieas this w'oik of Newell is not ex- 
actl} constiuctive, at least it demonstrates that 
up to the pi esent time there is no method known 
by wdnch a puie chemical fi action from iag^\eed 
can be obtained 

Pollen Suweys — Pollen suneys are interest- 
ing Vaz-Ferreira and Rccarte rewew' the 
allei genic flora of Uruguay The methods foi 
desciibing the content of pollen in the air aie 
reviewed by Dahl and Ellis,*' who recommend 
that reports include the actual findings, namel}, 
the amount of pollen per unit of area on the 
slide exposed The idea has the advantage of 
simplicity, but still the data will have to be ex- 
pressed in such a way as to make it easj to 
compare them ivith those of other workers 

Molds — That the spoies of molds are respon- 
sible for the symptoms in many obscure cases of 
hay fever, especiall) when the reactions to skin 
tests remain negatne, is becoming more and 
more evident More studies of molds and of the 
1 eactions wdnch they pi oduce are needed Brow n- 
ing*® has made a piactical study of skin tests 
with molds on a senes of allergic patients as w^ell 
as on normal pei sons Thirt} -eight different 
mold extiacts w'eie used — diffeient strains from 
the geneia Alteinaiia, Aspeigillus, Hormoden- 
dion and Penicilhum From 800 to 1,400 sub- 
jects Aveie tested W'lth lepiesentatives of each 
genus, and positive results w ei c obtained in about 
25 pel cent of the group as a whole About 
one thud of the mold extiacts wTre too iiritating 
to be of diagnostic importance, the other two 
thuds gave satisfactoiy leadings, but only a few 
seemed to have leal diagnostic importance 

In the discussion of Biowning’s papei, Fein- 
berg stated that of 253 patients who had a his- 

16 Vaz-Feneira, R, and Recarte, P Allergenic 
Flora of Uruguay, Arch Soc de biol de Montevideo 
10 274, 1942 

17 Dahl, A O , and Ellis, R V The Pollen Con- 
centiation of the Atmosphere, Pub Health Rep 57 
369, 1942 

18 Browning, W H Mold Fungi m the Etiologj' 
of Respiratory Allergic Diseases, J Allergy 14 231, 
1943 
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toiy suggesting alleigy to molds 241 gave posi- 
tive leactions to skin tests with molds, uhereas 
of 351 patients whose histoiy did not suggest 
sensitivity to molds only 10 had positive leadings 

Kuiung^® isolated and identified the fungi in 
sputum His papei contains a number of beau- 
tiful pictui es to show the technic and the results 

ASTHMA 

Physiology and Pathology — In my leview of 
the literature on alleigy for the yeai 1941 I 
presented a table which showed that the s} mptom 
asthma could" be caused by vai lous lesions 
Spasm and edema of the bionchial mucous mem- 
brane constituted one cause , exudate in the tubes, 
anothei , obstruction by a foieign body oi by a 
tumor, a thud, emphysema, a fourth, and pas- 
sive congestion in heait disease, a fifth 

At a meeting of the Association for the Study 
of Allergy in June 1942, Lamson lead a papei 
by Lamson, Butt and Sticklei reviewing the 
pathologic obseivations in 86 cases m which 
asthma was given as eithei the piimaiy oi the 
secondary cause of death The patients included 
25 women, 57 men and 4 children Of the 86 
patients, 24 died pnmaiily of heait disease and 
had asthma as a secondaiy diagnosis Thiee of 
them had syphilis, 4 had pneumonoconiosis and 
3 died of moiphinism Cancer and tuberculosis 
weie included among othei miscellaneous diag- 
noses This paper shows well that asthma must 
be regarded as a symptom and not as a disease 
On the othei hand, theie is good evidence that 
death can be pioduced by asthma without other 
cause, and in such cii cumstances the pathologic 
picture IS typical The gioup studied by Lam- 
son and his associates includes 11 patients in 
u horn the autopsy revealed the pi esence of tough 
sticlcy plugs which occluded the laigei and me- 
dium-sized bionchi to make a chai actenstic pic- 
tui e of death by suffocation fiom asthma itself 
One should note, however, that 24 is only about 
28 per cent of the total group 

In childien, Cohen-- has found again that a 
clinical pictuie uhich simulates that of bionchial 
pneumonia may depend on the foi mation of tena- 
cious plugs which become moie tenacious when 

19 Kurung, J !M The Isolation and Identification 
of Pathogenic Fungi from Sputum, Am Re\ Tuberc 
46 367, 1942 

20 Rackcmann, F kl Alleigj A Rcmcw of the 
Literature of 1941, Arch Int Med 69 128 (Jan ) 1942 

21 Lamson, R W , Butt, E iM , and Sticklei , 'M 
Pulmonary Pathologj" with Special Emphasis on Bron- 
chial Asthma, J Allergj 14 396, 1943 

22 Cohen, S Allergic Respirator} Disease and 
Pneumonia in Childhood, New Orleans M & S J 
94 440, 1942 


excessne vomiting leads to deli}diation and 
which ma} occlude a bionchus to pioduce atelec- 
tasis and a low giade pneumonitis m the distal 
portions Occasional!} bionchoscop} is indicated 
but so fai it is his experience that the piognosis 
IS good and recoaci} occuis 

A}eiza’s disease is desciibed b} Fernandes 
Pontes and co-woikers-“ from the Unueisit} of 
Sao Paulo, in Brazil, as due to a chi onic obstruc- 
tne bionchial pulmonaiy emphysema The c\a- 
nosis indicates a lack of oxygen in the blood and 
this anoxia stimulates the bone mariow to 
inciease its activity wnth lesultmg pol 3 C}thcmia 
The authors describe 2 cases in which bronchitis 
had lasted foi forty and twent}-two years re- 
spectively but the seveie dyspnea and c}anosib 
had been piesent for only a few months This 
IS mteiestmg because we have been led to behe\e 
that Ayerza’s disease is dependent in most cases 
on lesions of the pulmonary vasculai s}stem 
lathei than of the lungs and bionchi 

IMoie obser\ations aie needed on the condition 
of the cilia in the epithelium of the trachea and 
laigei an tubes Hilding-* recalls that in the 
influenza pandemic of 1918 the autopsies on 
many patients show'ed the cilia to be destro\ed 
Now he describes a group of patients who died 
fiom asthma and othei respiiatoi} diseases m 
whom lathei typical changes m the epithelium of 
the laigei air passages were obsened In 12 
patients laige goblet cells w'eie substituted foi 
the noimal columnai ciliated cells In 11 the 
cilia w'cie lost and the bionchi w^ere filled wuth 
puiulent secietion somewhat as desciibed in Lam- 
son’s senes These patients also died of sufioca- 
tion Five patients had bronchial constiiction 
without change in the epithelium One patient 
died 111 extieme distress fiom a severe tiacheo- 
bionchitis, in his case the ciliated epithelium had 
all disappeared and in addition all the bionchi 
weie filled wuth viscid plugs As Hilding sug- 
gests, it IS eas} to concene of a profound dis- 
tui bailee in the noimal mechanism b} wdiich jiiil- 
nionar} secretions and exudate aie lemoicd b} 
the cilia and so to considei how diy stick} phig=^ 
can be foi med 

Cialle} studied the ciliau action of the 
tiacheal tice m labbits He placed his animals 

23 Fernandes Pontes, J , Jamra, M, and Car\alho 
da SiKa, A Qanotic Chronic Bronchopnciimopatln 
Clinical and Ph\ siopathologic Stud\, An Fac dc ircci 
da Unn de Sao Paulo 16 365, 1940 

24 Hildmg, A C The Relation of Cdnrj In^ufn- 
cienc\ to Death from Asthma and Othei Respirator} 
Diseases, Ann Otol , Rliin & Laiwng 52 5, 1943 

25 Cralle}, L J Factors AfTccting Rcttnt'on and 
Rate ot Rcmo\al of Bacteria fiom the Trache*’! F’-t'' 
and Lungs, Am J Hjg 36 303, 1942 
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in a dosed diambei and spiayed them with bac- 
teiia, and theji he made changes m tempeiatuie 
and humidity to see if he could influence the 
late at which the foieign substance was lemovcd 
fiom the lungs He found that the noimal ciliary 
tunction was veiy eftective and it was onl}'- when 
the temperatuie and humidity weie modified to 
extreme degiees that it ^^as distuibed 

When asthma depends on the letention of 
sticky mateiial in the lironchi, one undei stands 
why bionchoscopy should be advocated Fiied- 
beig-® leview'S the hleiature and desciibes the 
cases ot 8 ]iaticnts who were leheved b\ bion- 
choscop) Foul of them, how^evci weie small 
childien in wdioin the lemoval of a foieign body 
lemoved the asthma also Patient 5 w as a w omaii 
who had a bionchohth which acted as a foieign 
bod} Patient 6 had a pulinnnan abscess, and 
patients 7 and 8 had stenosis ol a bionchus, in 1 
of them due to tuberculosis It is a little dis- 
conceiting not to find any of the cases wuth the 
pathologic changes wdiich w'e have called typical 
Bases and Kuitin maintain that bronchoscopy 
may be life saving in cases of asthma 

The blood piessuie in astiuna fluctuates duung 
the phases of respiiation This has liccn de- 
scribed, but Osgood has investigated the mattei 
in a special study In 1942 he obstructed tiic 
tiacheas of cats and the mouths of human ^olun- 
teeis He found that as the icspiratoiy effoit 
inci eased, the systolic blood piessuic fell duung 
inspiration This yeai he has studied patients 
wuth asthma and found that fluctuations of the 
sy'stohc blood piessure are a constant finding 
The high point occuis during exjniation and the 
low point duiing inspnation, and the amplitude 
of the dififeience is closely paiallel to the seventy 
of the asthma I can add to this that the fluctua- 
tion does not occui in all cases and is distinctly 
greatei in older persons wdio have emphysema 
than it IS m younger patients I believe that the 
sign may be of diagnostic importance, but un- 
fortunately the study has not gone fai enough 
to indicate the cause of the drop except to show'^ 
that it depends on the sucking effect, the in- 
ci eased negative pressuie of active inspnation 
Whethei this affects the output of the right or 

26 Fnedberg, S A Bronchoscopy and Asthmatoid 
Respiration, JAMA 123 85 (Sept 11) 1943 

27 Bases, L, and Kurtin, A Pievention of Death 
in Status Asthma ticus Value of Bronchoscopy, Arch 
Otolaryng 36 79 (July) 1942 

28 Osgood, H Blood Pressure Fluctuations in Re- 
spiratory Obstruction, J Lab & Clin Med 27 1536, 
1942 

29 Osgood, H Blood Pressure Fluctuations in 
Bronchial Asthma, J Lab & Clin Med 28 927, 1943 


of the left ventricle moie oi affects both at the 
same time and equally is hard to say 

Somew'hat i elated are the observations of Vac- 
care/za and Cucchiani Acevedo, from Buenos 
Aires In 3 cases of pulmonary tuberculosis as- 
sociated wuth asthma they made diiect measure- 
ments of the intiapleuial piessure before, during 
and aftei acute paroxysms of asthma They 
found that duung the attack of asthma there was 
a definite inciease of intrapleuial pressure, and 
in 2 cases in which pneumothorax had been in- 
duced they lemovcd some of the air and hi ought 
1 chef from the symptoms After the attack had 
been lelieved by epinephrine, the collapse of the 
lungs w'as c\cn greatei than before 

The Ilcait — Ihe heait in asthma is always 
interesting, pai tly because the nature of so-called 
“caidiac asthma” is so obscuie and partly because 
in c\eiyf case ot severe asthma the doctoi fears 
that the heart may give away 

Schillei , Colmes and Davis made special 
studies of the heart in 69 cases In 15 of these 
the patients died and autopsy was performed In 
3 the asthma had lasted foi less than thiec years, 
and the heait w-as normal In 12 the asthma 
had lasted foi over six yeais, and m 4 of these 
there w'cie iight-sided heait strain and death in 
failure (cor pulmonale) Of 54 living patients, 
how'e^ ei , only 1 had any’ clinical evidence of heart 
failure The electrocardiograms, on the other 
hand, i evealed a number of abnormalities There 
w’as deviation of the axis to the right in 18 per 
cent of the patients wdiose asthma had lasted for 
more than ten y'ears The authors state that cor 
pulmonale is moie common than is usually be- 
lieved If a careful study leveals trouble in less 
than a quarter of the cases it w’Ould seem that 
on the whole the heart keeps going on w’ell in 
spite of its inci eased bin den The method by 
w Inch Sussman, Steinberg and Grishman could 
inject a ladiopaque substance into the blood 
stream and then under the fluoroscope study’ the 
action of the diffeient chambers of the heart in 
vaiious diseases, notably’ in emphysema, is il- 
luminating Their article contains a senes of 
handsome photogiaphs and diagrams 

30 Vaccarezza, R F, and Cucchiani Acevedo, R 
Artificial Pneumothorax m Pulmonary Tuberculosis 
Complicating Asthma, An Cated de pat y elm tuberc 
3 67, 1941 

31 Schiller, W , Colmes, A, and Davis, D The 
Occurrence of Cor Pulmonale m Cases of Bronchial 
Asthma, New England J Med 228 113, 1943 

32 Sussman, M L , Steinberg, M F, and Grish- 
man, A Contrast Visualization of Heart and Great 
Vessels m Emphysema, Am J Roentgenol 47 368, 
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Poiai teutis Nodosa — In July 1942 of 

Baltimore, submitted an important paper in 
which he gives evidence that periarteritis nodosa 
IS a part of seium disease Rich points out that, 
whereas deaths fiom serum disease are extremely 
lare, the use of sulfonamide diugs has prolonged 
life so as to peimit serum disease to develop 
before death He collected 6 cases in which the 
patients died during seium disease and another 
case m which a biopsy of muscle taken during 
serum disease showed similai lesions In addi- 
tion, Rich lecalls that Clark and Kaplan in 
1937 had found 2 patients who had died during 
serum disease In 2 cases of Clark and Kaplan 
and in the seventh case m his own series there 
had been no treatment with sulfonamide drugs 
In each of these 9 cases autopsy showed the 
familiar lesions of pei lai tei itis nodosa, necrosis 
of the walls of the blood vessels and fibrinoid 
alteration, with hyalinization later, all associated 
with local hemoiihages as well as with local 
eoSinophiha Were these lesions due to the 
disease, to the serum oi to the drug^ The fact 
that 3 patients had not received any sulfonamide 
diug rules out the last possibility, and, further- 
more, in 1 case a maculopapular rash, different 
from the urticaiia, had appeared with the begin- 
ning of tieatment with the drug and subsided 
when It was discontinued and before the urticaria 
had appealed The vasculai lesions were fresh 
As for the disease factor, the very fact that 
peiiarteiitis nodosa should have occurred in sev- 
eral different diseases when it was not a part 
of the ordinal y pathologic piocess of those dis- 
eases makes it almost suie that its development 
depended on the seium 

In a second papei, submitted in Novembei 
1942, Rich and Giegoiy^® desciibe how the le- 
sions of peiiarteiitis nodosa could be lepioduced 
in rabbits Fourteen animals received horse 
seium m doses of 10 cc per kilogiam of body 
weight, and 5 of them received sulfadiazine in 
addition Most of the labbits acquired the flush 
which Fleischer and Jones had described as 

33 Rich, A R The Role of Hypei sensitiMtj’- in 
Periarteritis Nodosa as Indicated bj Seven Cases 
Developing Duiing Serum Sickness and Sulfonamide 
Therapy, JBull Johns Hopkins Hosp 71 123, 1942 

34 Clark, E , and Kaplan, B I Endocardial, Arte- 
iial and Other Mesenchymal Alterations Associated 
with Seium Disease m Man, Arch Path 24 458 (Oct) 
1937 

35 Ricli A R , and Gregory , J E The Experi- 
mental Demonstration that Periarteritis Nodosa Is a 
IManifestation of Hvpersensitivitv, Bull Tohns Hopkins 
Hosp 72 65, 1943 

36 Fleischer, !M S , and Tones, L R Serum Sick- 
ness in Rabbits I klamtestations of Serum Sickness, 
J Exper Med 54 597, 1931 


the counterpart of serum disease m rabbits On 
the twelfth day skin tests showed all the rabbits 
to be sensitized, and on the seventeenth dav all 
weie leinoculated, with 1 cc of horse serum 
How ev'er, onl} 2 of the animals died After that 
some of the animals w ere killed and others w ere 
lemoculated with horse seium m difterent 
amounts at different intenals Mdien these ani- 
mals weie killed and autopsies weie pei formed, 
ev’-ei} state of peiiarteritis nodosa could be dem- 
onstiated m the blood v^essels The endothelium 
was damaged, fluid and inflammatory cells ap- 
peared in the adv^entitia and the muscle became 
hyalmized and necrotic later 

It is important that Rich and Gregoi v could 
produce these lesions in labbits bj' tieatment with 
horse sei um alone Indeed they show ed that the 
lesions could result from a single laige injection 
of hoise serum Sulfadiazine did not plav aiyv 
diiect part in pioducing the typical pathologic 
pictuies 

Baker lepoits 2 cases of peiiaiteiitis nodosa, 
and giv^es an extensive desciiplion of the clin- 
ical, laboratorj' and pathologic observations The 
first case was that of a man aged 39 who had 
had sevei e asthma for tw o yeai s About a } eat 
befoie his death pain and swelling suddenly de- 
veloped in the legs, and later came othei swell- 
ings and purpuiic spots The fiist blood counts 
showed only 5 to 8 pei cent of eosinophils, but 
toward the end his wdiite cell count lose to 25,000 
and the eosinophils to 70 per cent At autopsy 
the v'essels in all the oigans showed periaitciial 
infiltiation with fibiosis The second patient was 
a man aged 47 admitted to the hospital because 
of fevei, weakness and bodil} pains of about one 
weeks duiation He lived for five months and 
during that time had a piogressivelv downhill 
course Peripheial neuiitis developed, and also a 
piogiessiv^e letimtis Petechial hemoriliages ap- 
peared at the end, and he died of heart failine 
At no time did he have anv asthma or anv othci 
s}mptoms of alleig}’’ PIis white cell count ro=e 
only to 15,000, and the pioportion of eosinophiF 
was never above 2 per cent Autopsv was le- 
fused, but a biops} of the gastiocnemius muscle 
showed extensive periaiterial lesions with fibrous 
piohfciation, numbers of Ivmphocvtes and 'scat- 
tered eosinophils In the media of the largei 
aiterioles weie collections of pale cells forming 
pseudotuberclcs (Giant cells have been dc- 
sciibed bv other pathologists ) These cases are 
summarized here in order to empha'si/e that 
whereas peiiaitcntis nodosa occuis m patients 

37 Baker, L A Penartcntis Nodo'^-’, vv.tn Rc,>o''t 
ol Two Ca‘;cs, Ann Int kled 17 223, 1942 
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with severe asthma, it may occur also in other 
conditions 

Impoitant is a lecent paper by Selye and 
Pentz,®®'' who have earned the study much fur- 
ther They point out that the lesions of periar- 
teritis nodosa are similar histologically to the 
arterial lesions in the kidneys of patients with 
malignant hypertension and are leminiscent of 
rheumatic foci (Rheumatic fever and periar- 
teritis nodosa occur together with some fre- 
quency ) They also point out that the lesions 
of periarteritis nodosa have been produced by 
treatment with a number of different substances, 
b} injections of various pioteins, by injection 
of streptococci and by feeding a high pi olein 
diet to unilaterally nephi ectomized rats “Nephro- 
toxic” serums are often described Sel3'e and 
Pentz found that certain steroid hormones were 
potent in producing nephrosclerosis and that at 
the same time extrarenal vessels wei e often dam- 
aged by these hormones Rats weie given extra 
salt 111 their diet, and then some of the animals 
had one kidney removed When the animals 
were treated with desoxycoiticosteioue acetate 
the lesions were produced (more in the gioup 
operated on), and the photographs which accom- 
paii} the paper show the typical changes of 
peiiaiteritis nodosa The authors explain that 
a sudden stress, such as cold, fatigue oi infection, 
may elicit the “alarm reaction,” and “if the dam- 
aging stimulus continues, it is followed by the 
resistant stage and eventually by the exhaustion 
stage of the general adaptation syndrome 
It has been found that exposuie to cold oi othei 
damaging agents causes rats sensitized by salt 
treatment, unilateral nephi ectomy oi pieferably 
both to have pathologic changes identical wntli 
those produced by administration of desoxycoiti- 
costeione acetate ” During this process the 
adrenal cortex increases in size and produces 
excessive amounts of its hormone Meantime, 
body proteins bieak dowm oi perhaps foreign 
proteins are injected, and lesions result The fact 
that acute infections, nervous shock, exposuie to 
cold (and, I can add, repeated attacks of asthma) 
are sometimes followed by periai tei itis nodosa or 
nephrosclerosis or rheumatic fever indicates that 
these conditions are diseases of adaptation de- 
pendent on an abnormal adaptive i esponse of the 
adrenal cortex It is an interesting conception, 
and it is based on what appears to be good ex- 
perimental observation and evidence 

38 (a) Selye, H , and Pentz, E I Pathogenetical 
Conelations Between Periarteritis Nodosa, Renal 
Hypertension and Rheumatic Lesions, Canad IiI A J 
49 264, 1943 (b) Selye, H Unpublished communi- 

cation 


From all this it is clear that penarteiitis no- 
dosa IS not a disease — it is only a lesion which 
develops from a variety of causes and in a num- 
ber of different diseases Furthermore, it does 
not point to any particular specific exciting factor 

Ticatment of Asthma — Since 1934 Baiach®® 
has been recommending the use of helium-oxygen 
mixtuies admmisteied by inhalation to relieve the 
seveie paroxysms of asthma He has now de- 
veloped a plan of “bronchial relaxation,” as he 
calls It, W'hich m his hands at least is successful 
When the patient is first admitted to the hospital, 
theophylline ethylenediamine is given by rectum 
at once — 0 5 Gm in 20 cc of w^ater A strong 
(1 100) solution of epinephrine hydrochloride 
IS used as a spi ay to be inhaled through tlje nose 
and/oi mouth fiom a special atomizer connected 
wuth an oxygen tank Dihydromorphmone hydi o- 
chloiidc in doses of 1 or 2 mg is given subcu- 
taneously if necessary Finally a gas mixture 
containing 20 pei cent oxjgen and 80 per cent 
helium is administered by inhalation through a 
special apparatus The first dose of potassium 
iodide (1 cc of the saturated solution in water) 
IS also given early The inhalation of the helium- 
0x3 gen mixtuie is continued for two hours in 
the a\erage case, but it may be continued for 
twelve hours 01 given intermittently, according 
to the need When the patient improves and 
becomes ambulatoi3, he reports to the clinic for 
ti eatment, and if he still has asthma theoph3 lime 
etlu Icnediamme is again given b3’^ rectum, the 
epinephrine spra}”- is repeated and he inhales the 
hehum-ox3'gen mixtuie, 7 to 9 liters per minute, 
for about an hour This treatment produces 
“bronchial relaxation” and is repeated every day 
for five da3's as indicated 

The immediate results of this treatment are 
good In the hospital there wei e 26 patients who 
received 46 courses of treatment After 34 of 
the courses the asthma disappeared, and only 
three courses w^eie ineffective There were 45 
ambulator3' patients who received 54 courses of 
treatment The asthma disappeared after 23 of 
these courses, and 01113’’ 14 were ineffective The 
long term results w’ere likewuse good Relief 
lasted from one to four weeks in 36 of 57 pa- 
tients w’ho w’ere follow’ed It lasted from one to 
four months in 20 patients, from five to twelve 
months in 20 and for over a year in 15 Segel 

39 Barach, A L Repeated Bronchial Relaxation 
in the Treatment of Intractable Asthma, J Ailergj’ 
14 296, 1943 

40 Segel, M S Inhalational Therapy m the Treat- 
ment of Serious Respiratory Disease, New England J 
Med 229 235, 1943 
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has tried the method on 4 patients, 1 died, but 
the othei 3 did well 

Westcott and Gillson did not use Baiach’s 
method in full, but at least they agree that m- 
\ halation of a strong (1 100) solution of epi- 
nephime hydrochloride does good Then paper, 
howevei , lays stress on the importance of breath- 
ing exercises, which they say can produce a sub- 
stantial increase in the vital capacity and which 
will ultimately lead to a considerable relief of 
the asthma 

Moie recently Lockey has tried to overcome 
the disadvantages of the strong (1 100) epi- 
nephiine hydrochloiide solution spray, which he 
says tends to diy the thioat and to pioduce pal- 
pitations and “jitters” in certain patients He 
adds glycerin, hydrochloiic acid, sodium chloiide, 
chloi obutanol and sodium bisulfite to the epi- 
'' nephiine hydi ochloi ide solution and claims that 
his presciiption is less irritating 

Literature on drug treatment includes a num- 
ber of new suggestions The status of theophyl- 
line ethylenediamme and of related xanthine de- 
iivatives has been leviewed by Boyer Ethy- 
lenediamme is added to theophylline because the 
double salt is moie soluble The effect, however, 
depends on the xanthine compound This is a 
diuretic, it mci eases the contraction of the heart 
muscle, and it can lelieve Cheyne-Stokes bieath- 
ing Macht and Ting showed that theobromine 
dilates the excised hi onchi Y oung and Gilbei t 
found that it has a protective effect against his- 
tamine Whatever the mechanism, theophylline 
eth) lenediamine is clinically useful m asthma 
Dees has found that suppositoi les of this com- 
pound aie good 

Maietta found that doses given inti amuscularly 
at intervals of four to six houis weie helpful to 

Ethel m oil is now available m ampules con- 
' taming 1 cc of ethei with 1 cc of peanut oil 

41 Westcott, F H, and Gillson, R E The Treat- 
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patients with sevei e status asthmaticus Paralde- 
hyde IS a powerful sedative, the effect of which is 
often immediate, so that after receiving a dose 
of 1 01 2 cc by mouth the patient lelaxes vithm 
five minutes Burstem^® warns that theie is 
danger in giving too much paraldehyde The in- 
jection of as much as 30 cc by rectum caused 
the death of a young woman Anothei patient 
received 15 cc m two doses six hours apart with 
no effect but three hours aftei the thud dose 
she died These amounts, however, are much too 
laige In the oidinary case, 1 or 2 teaspoons of 
paraldehyde (4 to 8 cc ) given by mouth is suf- 
ficient to produce a dopey sleep, and in aii}^ one 
night 2 teaspoons are all that is requued in most 
cases 

Nicotinic acid has been suggested foi use m 
treatment Suranyi ga-v e it to allei gic childi en 
in doses of 25 or 50 mg twice a day The effect 
of nicotinic acid is somewhat similai to the effect 
of histamine, and doses given by mouth aie often 
followed by the appearance of eiythema and a 
feeling of heat and warmth Uiticana, asthma 
and spastic bionchitis weie found to lespond 
favorably The diug is said to be useful foi 
ceitain types of headache, as will be discussed 
Nicotinic acid is a vasodilator drug 

Nucleic acid is used by Howe in the treat- 
ment of subacute and chronic sinusitis with the 
idea that the condition depends eithei on a defi- 
ciency of nucleoproteins m the diet oi on faulty 
absorption of these substances So fai , ho^^ ever, 
there is not much evidence to suppoit eithei of 
these theoiies Potassium salts have been ad- 
vised foi some years Cai Ison and Whitehead 
leview the literatuie They found that the feed- 
ing of sodium salts to guinea pigs suffering fi om 
anaphylactic shock had no piotective effect but 
that potassium salts could save the animals fiom 
death 

Sulfonamide diugs have been advocated foi the 
treatment of asthma, as might be expected 
Jimenez-Di'az and his co-workers gave sulfa- 

47 Maietta, A L The Use of Ether in Oil Intra- 
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pyndine to 10 patients with status asthmaticus, 
and in 8 of them the theiapy effected a disappear- 
ance of all symptoms The atithois’ explanation 
IS that bacterial infection played an important 
pait My associates and I have tiled sulfonamide 
compounds m a few cases, but our lesults have 
not been good, and theie is always the dangei of 
producing anothei specific sensitiveness to com- 
plicate the pictuie 

Last wmtei the laity lead about a new treat- 
ment foi asthma desciibed in the daily press 
Some editoi was intiigued b} Lapp’s claim that 
small doses of the patient’s own seium can be 
given at regular inteivals to produce a “desensi- 
ti7ation” and cine his asthma The idea is not 
new It developed oiigmally fiom the concep- 
tion that the causative antigen is absoibcd into 
the blood stieain and that the blood can be as- 
sumed to contain it even though its nature is 
unidentified Oiiginalh’’ the method vas to defi- 
bimate the blood and then reinject a i datively 
lai ge quantity, perhaps 20 to 50 cc , into the mus- 
cle A simplei method is to diaw blood from a 
vein of the aim and then, while it is still ‘‘hot’ 
and uncoagulated, to inject it immediately, wuth 
the same needle and syiinge, into the buttock 
The pioceduie is somcwdiat dramatic, and it is 
a little painful More impoitant, it cairies the 
considerable danger that the pool of blood that 
IS produced at the site of the injection may be- 
come infected I doubt if the method has much 
moie than a psychologic value, but in some cases 
this appears to be consideiable 

There aie seveial new methods foi making the 
absorption of injected drugs slow and prolonged 
Abramson and Aisenal add gelatin to epineph- 
iine Spam and his co-w'oikeis recommend 
gelatin as a vehicle foi ragweed pollen extract 
In order to i educe the power of jelling and to 
make the mateiial less viscid, they treated the 
gelatin solution in the autoclave at 20 pounds’ 
(9 Kg) piessuie for one and tin ee-quartei s 
hours The gelatin hydioly/ed and as such ivas 
added to the stiong pollen extiact to malce the 
gelatin-pollen mixtuie With this material 28 of 
55 patients had little or no hay fever, whereas 
with the oidinary watery pollen extiact onty 14 
of 55 patients had leally good lesults Natei- 

53 Lapp, A D Asthma Treated with Patient’s 
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man®*^ uses epmephiiiie base suspended m an 
aqueous solution of sodium thioglycolate, which 
IS an acid-i educing agent and so prevents the 
epinephrine base fiom being oxidized too rapidly 
Suspensions of epinephrine base in oil have 
been studied by Richards In ■experiments on 
1 ats he found that the toxicity of the preparations 
w'as the same as that of aqueous solutions of epi- 
nephiine hydiochloiide Furthermore, experi- 
ments designed to demonstrate a more prolonged 
action of the oil mixture by means of blood sugar 
cui ves did not gn e any impressive result When 
the size of the particles w'-as reduced by special 
gi Hiding, the toxicity was less, possibly because 
the small particles were better protected by a 
film of oil, wdiich delayed their absorption 
Oil has been used to delay the absorption of 
pollen Taub and Rubens made a 3 per cent 
extiact of pollen in water and then evaporated 
It to drjness undei vacuum This lyophilized 
pollen was then homogenized electrically into 
steiile sesame oil When this material was used 
foi skin tests the positive reaction was delayed 
foi about thiity minutes m its appearance 
Meantime, Foldes has worked with a differ- 
ent principle m trying to piolong the action of 
subcutaneously injected medicaments He re- 
called that ceitain metals can prolong the action 
of injected drugs, and so he used zinc chloride 
m concentrations of 0 1 per cent or less With 
posterior pituitary extract, the antidiuretic action 
IS much prolonged When zinc chloride was 
added to epinephrine Itydrochlonde solution, the 
mobilization of blood sugar was delayed to a defi- 
nite dcgiee In another experiment he tried his 
“zmc-cpinephiine” solution on a patient with 
asthma There was no delay in the onset of 
the antiasthmatic effect, but he observed that the 
effect lasted foi six to eight hours instead of the 
usual thiee to four hours The plan deseiwes 
fuither study 

Finally, a paragraph from a recent papei bv 
Sii Aithui Hurst is copied in full “Every 
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asthmatic can derive much benefit from good ad- 
vice He can be taught a way of life, how to 
avoid the exciting causes of his particular brand 
of asthma, how to control attacks he is unable 
to pi event, and above all, how to be happy in 
spite of the bad luck of having been born with 
the asthma diathesis ” 

Results of treatment aie not often described 
Unger and Wolf°^ desciibe the status of 207 
patients followed for seven years or moie after 
the fiist tieatment Those who were free of 
symptoms continued well, and of 104 previously 
reported as impioved, 19 were free of asthma 
Another 252 patients have been added to the 
study, to make a total of 459 Of these, 298, or 
65 pel cent, had “paroxysmal asthma” and 93 
weie well, whereas only 4 of 161 patients with 
chronic pei sistent asthma were free of symptoms 
Best lesults were obtained in patients whose 
paroxysmal asthma was caused by some allergen 
which could be found and eliminated These aie 
the pel sons who began to have asthma eaily in 
life Forty-eight patients had died, the asthma 
was the mam cause of death of 21, and the con- 
tiibuting cause for 16 Morphine was known 
to have been given just prior to death to 6 
patients Presumably these were patients whose 
asthma began late in life (after the age of 45) 
and who therefoie had quite a different disease 
fioni those whose asthma began before the age 
of 30 In any study of end lesults in asthma the 
chncial classification of the patient is of primaiy 
importance 

Desciibing the lesults of operations on the 
sinuses in cases of chronic infection, after an in- 
teival of two to eight years, Cooke reports that 
of 74 patients operated on 52 per cent have had 
little 01 no asthma and only 8 aie not impioved, 
but of 78 patients that weie not operated on only 
13 per cent have been leheved and 64 aie not 
improved Needless to say, he lays stress on the 
selection of cases and on the technic of opeiating 
(Such lesults cannot be obtained in my clinic ) 

CHEMICAL EFFECTORS 

The mechanism by which asthma and the other 
manifestations of hypei sensitiveness are produced 
IS not at all clear, but the study of the problem 
still centers around the chemical effectors — the 
powerful substances which aie normally present 
in the body and which aie leleased bj' various 

61 Unger, L , and Wolf, A A Treatment of Bron- 
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exciting factors Nerve impulses exert their ef- 
fect through the effectors, especially acetylcholine, 
wheieas diiect stimulation, as by injury or per- 
haps by antigen-antibody reactions on the sur- 
face of cells, causes the release of histamine f i om 
those cells 

When antigen is mixed with sensitive blood 
in vitio, histamine is released fiom the cells and 
can be found in the plasma Dragstedt, Wells and 
Rocha e Silva found that when heparin v as 
added to the blood to pi event clotting the quan- 
tity of histamine released was less than without 
hepaiin Furtheimoie, this inhibition was about 
the same whether sensitive blood was treated 
with antigen or whether noimal blood was tieated 
with trypsin or peptone This is further evidence 
that the mechanism of peptone shock is not dif- 
ferent from that of anaphylactic shock In another 
expel iment, Diagstedt®^ treated a laige number 
of dogs with peptone, 10 per cent Bacto-protone 
(Difco) in doses of 2 cc per kilogram The 
primary injection often caused severe reactions, 
but in some of the dogs it was possible to laise 
the lesistance to subsequent doses Refractoii- 
ness to peptone cannot, however, be effected 
without inducing shock, and the degree of resis- 
tance IS detei mined usually by the seventy of 
that shock Dragstedt found a good deal of 
ciossed relationship between shock of diffeient 
kinds Animals made refractory to Witte’s pep- 
tone, deiived from fibrin, were lefiactory to 
Armour’s peptone, made fiom milk The relation 
between peptone shock and anaphylactic shock 
was fanly close When mild anaphylactic shock 
was induced in sensitized dogs, a subsequent dose 
of peptone caused a seveie leaction in ovei half 
the animals When, howevei, the anaphylactic 
shock was more severe, only 3 of the 13 animals 
reacted seveiely to the subsequent dose of pep- 
tone Refractoi mess to peptone has nothing to 
do with the binding of antigen to antibody, it is 
concerned chiefly with the reaction itself, that is, 
with the release of the chemical effector Essex 
and Horton °° were able to increase the resistance 
of guinea pigs to histamine to some extent b) 
treating their animals with histamine in small 
subcutaneous doses Of the pretreated animals, 
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27, 01 41 pel cent, survived the lethal dose, as 
compaied with only 5 per cent of the contiols 

Thyioid depletes the stoies of ascorbic acid and 
cholesterol in the adrenal glands Accoiding to 
Fanner and Fiibouig this lesults m a depletion 
of the cortical hoimone, and this in tuin produces 
an increase in sensitiveness to histamine Ani- 
mals fed thyioid for seveial days weie moie 
susceptible to histamine than weie the untieated 
conti ols 

Wilcox and Seegal found an eth} lenediammc 
deiivative which would piotect guinea pigs 
against 1 to 6 minimal lethal doses of histamine 
although C}anosis and piostration wnthoiit death 
occurred in many animals They believed that 
the diug acted piimaiily to prevent contraction 
of the smooth muscle hut not to pi event the de- 
velopment of othei manifestations of shock 
Courtright Hunvitz and Couitright®® produced 
anaphylactic shock b}' exposing guinea pigs sen- 
sitive to horse dander to inhalation of the specific 
dust, and he tiied to protect them h\ treatment 
with histamine and wnth acetylcholine as well as 
with histaminase Even though the doses and 
inteivals weie vaiied considerably, he w'as unable 
to demonstrate any definite pievcntive action 
by any one of the three substances 

Histamine m the treatment of clinical allergv 
has been recommended Faimci and Kaufman 
gave histamine subcutaneously increasing the 
doses at frequent inteivals, for the treatment of 
chronic vasomotor ihimtis as w^ell as of hay fever 
In 41 cases of perennial ihinitis, the results weie 
good in 25 instances, fair in 10 and poor in 6 
In 24 cases of severe ragweed ha}'- fever, the 
lesults w^eie good in 7 and fair in 9 In 48 cases 
of moderate ragweed hay fever, the results w^ere 
good in 19 and fan in 13, and in 15 cases of 
grass hay fevei, the lesults weie good in 9 and 
fan in 6 The result of tieatment was better in 
the cases of peiennial rhinitis More lecently, 
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Gant, Savignac and Hochwald have given his- 
tamine by mouth, for treatment of chronic vaso- 
motoi rhinitis They find that the diug is ab- 
soibed lapidly fiom the gastrointestinal tract 
and that wdien the patient staits wuth a small 
dose, pel haps wuth 1 drop of a 1 10,000 dilution 
ol histamine m winter, and then increases the 
amount by slow, careful increments, a dose is 
soon found wdiich causes a sense of warmth and 
flushing of the skin, and when this occurs the 
nasal symptoms impiove The size of that dose 
is noted carefully, and thereafter the same quan- 
lit} IS taken two or three times a day, as often 
.IS may be necessary to secure relief The trick 
IS to find the dose, w'hich may vai-^’^ in different 
cases from 1 diop of a 1 10,000 dilution (001 
mg ) to 5 drops of a 1 100 dilution (3 mg ) 
Enough patients have been rehe\ ed by this 
method to justify further study of it 

Histamine in the treatment of Meniere’s syn- 
diome has been recommended for some years 
Ramey reports on 6 patients w'ho were treated 
wnth histamine phosphate intravenously The 
ampule containing 2 75 mg in 1 cc is diluted 
to 250 cc with isotonic solution of sodium 
chloiide to make a 1 100,000 dilution of hista- 
mine phosphate The speed of injection is ini- 
poilant, for in some cases as much as 20 drops 
a minute w ill cause flushing and headache, wdiile 
111 others 70 drops a minute is borne without 
difficulty After the initial intravenous treat- 
ment, further doses may be given at inten^als 
subcutaneously All 6 of Rainey’s patients did 
well 

Atkinson also uses histamine for Meniere’s 
disease, but he has found it important to dis- 
tinguish the patients whose headaches depend on 
vasoconstriction and wdiose skins are not sensitive 
to histamine from the othei gioup, whose head- 
aches depend on vasodilatation and wdio show an 
extensive leaction to histamine in a skin test 
Atkinson assumes that histamine is in part re- 
sponsible foi the noimal balance of vasodilatation 
against vasoconstriction Added histamine will 
have an immediate vasodilator action, and the 
headache will be relieved, but meantime it will 
tend to produce an increased resistance of the 
body toward histamine, so that vasoconstriction 
will be favored When the headache is due to 
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vasodilatation, this is desiiable, but beadacbes 
due to vasoconstriction will be made worse For 
these nicotinic acid, given in doses of 50 mg by 
vein at fiist and by mouth latei, appears to be 
effective 

Neostigmine for treabnent of headache- is sug- 
gested by Pelnei If acetylcholine is the ef- 
fector which causes tiouble, neostigmine, by 
blocking the cholinesterase, should prevent the 
destruction of acetylcholine and allow its absorp- 
tion Pelner found that prostigmme bromide 
given 111 doses of 15 mg by mouth produced 
a headache, and so he dissolved the tablet in 
an ounce of tap watei and then preset ibed diop 
doses of the solution by mouth Like Atkinson, 
Pelnei consideied the finding of a positive reac- 
tion to a skin test with histamine 1 1,000 and 
with acetylcholine 1 20 as the necessaiy cri- 
terion for success Of 46 patients, 37 weie 
completely lelieved and 5 were much iinpioved 
by Pelner’s treatment 

Ati opine prevents the action of acetylcholine, 
and it IS mteiestmg to have Bender, woiking 
in Abiamson’s laboiatoiy,^* find that atropine 
could inhibit the cutaneous leactions caused by 
mecholyl but not the flaie caused by histamine 
(the leactions being produced by diivmg the 
substances through the skin with an electric 
current) 

ANAPHYLAXIS 

Death following the injection of foielgn pio- 
tein IS still leported, in spite oi increasing 
knowledge of the dangeis Vance and Strass- 
mann collected fiom the lecords of the chief 
medical exammei of the city of New York the 
accounts of 7 necropsies Five weie of peisons 
who died suddenly after an injection of anti- 
toxin, and 2 were of alleigic persons who weie 
killed by specific tieatment One of these was 
a child who died shortly after an mtiacUtaneous 
test with a mixture of silk, wool and kapok 
extracts The othei was an asthmatic adult 
who died aftei a loutine injection of ragweed 
extiact In each case the lungs were greatly 
distended (insufflated) and the viscem weie 
congested Fiom the literature the authors col- 
lected the leports of 18 similar cases Of the total 
of 25 pa.tve.wts>, a.11 ex.ce.pt 3 patvewts. died, within 
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ten minutes after the injection, and the 3 died in 
SIX hours, foul teen houis and twenty-thiee hours 
respectively Of the total 25, onl}^ 13 had a 
histoiy of any pievious treatment with foreign 
pioteins, and the authors postulate a hereditary 
constitutional factor in addition to anaphylaxis 

About a year ago two gioups of patients m 
a hospital for persons with mental disease were 
given small doses of guinea pig seium m ordci 
to study the development of hy^pei sensitiveness 
One of them, an appaiently healthy woman of 
22, died within ten minutes after leceiving 0 2 
cc of guinea pig hemoglobin injected intiadei- 
mally At autopsy, au acute lieuvovvb.agve vu- 
flammatory leaction was found at the site of 
treatment, there weie edema of the upper an 
passages and emphysema with laige pleuial 
bullae The case was studied by the medical 
examiner. Dr Hunt The first question was 
whether the woman was actually sensitive, and 
an intei esting expei iment was made Her sei um 
obtained fiom the heart’s blood was found to 
sensitize the skin of 3 normal recipients so that 
the piepared sites reacted well to solutions of 
guinea pig hemoglobin The diagnosis of al- 
leigy and anaphylaxis was pioved In passing, 
let me obseive that leagins weie still demon- 
stiable m spite of and immediately aftei the 
ovei whelming leaction 

A comment on this case appeal ed subsequently 
in The Journal of the Ameucan Medical Asso- 
tiation and included the following statement 
“Close inquiiy disclosed that the mothei of the 
subject of this leport had asthmatic attacks and 
symptoms of hay fever, that a bi other sufteied 
from hay fever and that the mothei ’s fiist cousin, 
also asthmatic, died at the age of 16, ten minutes 
after the subcutaneous injection of diphtheiia 
antitoxin, the fiist death of that kind in this 
country The lesson again bi ought home by the 
bare facts m Dr Hunt’s leport is that the most 
watchful precaution must always be taken to 
avoid fatal shock on the injection of foreign pro- 
tein antigenic matei lal into human beings ” 

INDUSTRIAL DERMATITIS 

Industrial deimatitis appears to be a iaiily 
constant menace, even though the total number 
of cases is not large A report of the Commit- 
tee on Occupational Dermatoses of the Ameiican 
Medical Association, presented by Foerstei and 
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others,"® describes in some detail the methods 
of diagnosis, prevention and tieatment The 
alleigic hackgiound of each employee should be 
studied, and attention should be paid to any 
neuiogenic or psychogenic relationships. Habits 
of eating and living may need a good deal of 
coi 1 ection 

Oil folliculitis and deimatitis aie not uncom- 
mon Cutting oils may be of animal, vegetable 
01 mmeial composition, and the prevention of 
the deimatitis which may follow then use is 
chiefly a mattei of peisonal cleanliness, the 
achievement of which can be facilitated by ade- 
quate piovision foi washing hands, body and 
clothes Sulfonated oils aie pioduced by ti eat- 
ing natuial oils with sulfuiic acid and then 
neutralizing the excess acid with an alkali 
Some of these piepaiations mix well with watei 
to foim cieamy emulsions and become useful 
as cleansing agents The new development of 
“soapless soap” depends pnmaiily on the use of 
sulfonated oils of one sort oi anothci Occa- 
sionall}’’, howevei, tioiible may come fioni these 
pi eparations 

Zinc deimatitis is desciibed b} Freeman 
as a hazaid m the airciaft mdiistiies, wheic 
ceitain alloys are used Patch tests with zinc 
elicit positive reactions in the victim and quite 
negative reactions m contiols Sodium chio- 
mate and sodium dichi ornate are encountered 
in the pioduction of an -conditioning equipment 
Schwaitz and Dunn found that 14 pei cent 
of 105 workeis had deimatitis which could be 
attributed to that cause Sodium dichi ornate 
IS also used as a vetting agent for the dyes 
employed in the manufacture of blankets foi 
the Army, and the same authors found tiouble 
in this group of workeis also Dermatitis due 
to resin finishes for cotton fabrics, especially 
undeiwear, has been described by Keil®- and 
also by Costello and Ryan,®® the latter repoiting 
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on 20 cases which were obseived at the Bellevue 
Hospital in New York 

Dhobie IS a nut tree in India Its sap tuins 
black and so makes a convenient fluid for mark- 
ing clothes Goldsmith ®* found that the soldiers 
developed a dermatitis under the neck band or 
at the waist where the marks touched the skin 
It w^as difficult to get i id of the sensitizing effect 
of the maiks Boiling of the clothes W'as inef- 
fective Dermatitis of the face from contact 
with the lubber parts of gas masks is described 
by Petio,®® who demonstiated positive reactions 
to patch tests with the “acceleratoi ” and the 
“antioxidant” used in the manufacture of that 
paiticulai rubber Fox®® descnbes a fanner 
who became sensitive to the dust of mesquite 
wood Patch tests with the ether extract of the 
sawdust pioduced a iiositive reaction Contact 
dermatitis from cod Iwer oil is described b> 
Cope ®" 

Cosmetics still hold an important place in 
the list of causes of contact dermatitis Simon ®® 
observed 13 patients with eczema of the face 
who gave positive reactions to patch tests vvitli 
fivT diffeient brands of nail lacquer, both color- 
less and coloicd After avoidance of the lac- 
quer 11 of the 13 patients were cuied at once 
Patch tests made with a variety of difterent 
ingredients showed i eactions to a certain formal- 
dehyde-sulfonamide resin which was used in 
making the lacquer More recent are reports 
by Howell ®® and by Epstein ®® describing con- 
tact dermatitis from hair lacquer , a new prepara- 
tion and evidently an important feature of the 
latest “up-do” coiffure 

As has been said elsewhere, it is evident that 
the list of substances capable of producing local 
reactions on the human skin is nev'^ei complete, 
especially m this modern day vvdien chemicals, 
both old and new, are being used more and 
more even in what appear to be fairly simple 
and clean processes 
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Stokes gave a lectui e full of common sense 
and good advice to Army suigeons on infections 
of the hands and feet and referied particularly 
to the deimatitis which ceitain surgeons acquire 
fiom ceitam kinds of rubber gloves He recom- 
mended huge doses of D G A D (Don’t give 
a damn), “that psychologic sopoiific which le- 
duces the eternal friction between what one feels 
he must do and what one thinks he can ” In 
other woids, he felt that tension, fatigue and 
“poor condition” weie aggravating factors even 
of a local disease like contact deimatitis 

GENERALIZED CUTANEOUS REACTIONS , 
DRUG ALLERGY 

Of gieatei and moie exciting interest, if not 
of more piactical impoitance, is a group of cases 
in which diugs have caused generalized symp- 
toms of all sorts These leactions have been 
reviewed repeatedly, but the liteiatuie still con- 
tains reports of new cases due to new diugs oi 
combinations of drugs Barefoot and Calla- 
way give an excellent review of the literature 
on baibital poisoning The baibiturates were 
introduced m 1913, and during the first fifteen 
years of then use only 41 instances of untowaid 
leaction weie found in the hteratuie In the 
second fifteen yeai peiiod, however, the authors 
find 13 cases of exfoliative dermatitis due to 
phenobaibital, of which 10 were fatal Then 
own case which they describe illustiates the 
unusual occurrence of tiouble after i datively 
small doses of phenobarbital A woman of 58 
had taken only 32 mg gram) of phenobar- 
bital thiee times a day, and only for ten days, 
befoie her face became “sunburned ” The next 
day her whole skin became red, and a week 
latei it began to exfoliate She stayed m the 
hospital foi thirty-five daj^s before she could 
be discharged as well A month later she took 
exactly 1 pill of phenobaibital and the next day 
she became red and soon went through the n hole 
illness all over again, hei skin desquamating 
completely As the authors sa)'", she is now 
convinced that phenobaibital is not good foi 
hei ’ 

Thomas and Fenton®® descvihe 9 cases m 
which pontocaine, used locally foi bionchoscopy 
in 4 instances, foi tooth extraction in 1 and for 
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gastioscopy m 4, pioduced extiemcly se^eie 
reactions, which were fatal in 3 of the cases 
After that experience use of pontocaine was 
discontinued at the Cleveland Clinic 

Diethylstilbestiol can cause trouble Kassel- 
berg®'^ leports on a patient in wdiom geneiahzed 
exfoliative dermatitis developed aftei the last of 
thiee w^eekly doses of the drug Later skin 
tests elicited a strong immediate leaction with 
pseudopod formation Saphir and Weinglass®® 
wi ite of a case in winch a woman i eceived 0 5 
mg of diethylstilbestrol each night and after five 
days pitting edema of both hands developed and 
then edema of the face and neck wuth laiyngeal 
stridor In this case, too, a skin test wuth a 
1 2,000 dilution of dieth 3 dstilbestrol in watei 
lesulted in a tremendous immediate local urti- 
carial leaction Amphetamine sulfate caused a 
seveie toxic reaction m a patient described b}’’ 
Kauvar, Henschel and Ravin ®® In this case 
the leactions to skin tests were negative 

Saunders ®” i eports his owm experience ot 
tiouble from inhaling dry powdered neoarsphen- 
amine Foi some years he had been opening 
ampules to prepare solutions for his patients, 
and lecently he found that wuthin a minute oi 
twm he began to sneeze and his nose began 
to run Skin tests made even by the sciatch 
method with a 6 per cent solution of neoars- 
phenamine caused not only an extensive local 
reaction but in a few moments a geneial leac- 
tion with asthma — evidently analogous to the 
geneial reactions which occur from time to time 
m the tieatment of any large group of patients 
with hay fever 

Two cases of sensitivity to quinine are repoited 
by Rose®® In both patients a geneiahzed eiy- 
thematous eruption with swelling of the genitals 
developed after ingestion of 2 tablets of quinine 
bisulfate Previously both patients had suftered 
reactions of the genitals following the use ot 
contiaceptives 

Diodrast is an iodine compound used fieely 
in making roentgen studies of the lenal pelvis 
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Reactions to diodiast based on a sensitivity to 
the substance aie not as uncommon as expected 
In my leview of the literatuie of 1942 °° I com- 
mented on seveial leports of reactions to dio- 
drast Othei leports aie noted this year, the 
subject is evidently important Last wintei at 
the Massachusetts General Hospital a woman 
of 45 stopped bieathmg and became cyanotic 
iMthin a minute or two aftei an intiavenous 
injection of diodiast had begun For a few 
moments her condition was precaiious, but 
epmephiine was injected at once and she lecov- 
eied She had a chionic pyelitis, and roentgen 
studies with use of diodiast had been made 
before She lecalled that she had felt chilly 
and eak aftei the last two examinations How 
often does diodrast cause slight sj^uptoms ^ Evi- 
dentl} they are easy to oveilook In this case 
no one appieciated that the patient might have 
become sensitized by the pievious tieatment 
No one asked about pievious reactions Archei 
and Hariis^®® say that instillation of a drop of 
diodiast solution into the eye is an easy lest 
for sensitiveness which has proved eflectue in 
over 600 unselected cases Robins made skm 
tests \Mth diodiast by injecting a small quantit}' 
of the ding solution fiom the ampule intiacu- 
taneously in 240 cases The lesults of this 
test, houever, were not too good Thiity per 
cent of the patients who had systemic reactions 
did not have positive leactions to skm tests, and, 
on the othei hand, only 24 per cent of those 
who had positive leactions to skin tests had 
systemic reactions 

Reactions to sulfonamide compounds aie al- 
ways important The incidence is not great, 
but when leactions do occur the> are apt to be 
so severe that the possibility of producing them 
should not be overlooked Raffetto and Nich- 
ols gave sulfadiazine to a 10 year old girl 
in a couise of treatment lasting for eight daj'S 
The child improved, and for four days use of 
the drug was omitted Latei, howevei, it was 
given again, and within two days a violent reac- 
tion involving the skin, the eyes, and the throat 
took place and the child almost died The 
eosinophil count of the blood lose to 23 per 
cent The time lelationships should be noted 
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in connection with Longcope’s paper, to be dis- 
cussed later The interval of four days without 
treatment may or may not be important The 
fact IS that the leaction occurred fourteen days 
after the fiist dose had been given 

Htiid and Jacox desciibe 2 cases of throui- 
bopenic purpuia which developed as a compli- 
cation of tieatment with sulfathiazole and sulfa- 
diazine lespectively Both patients were old 
people in ivhom nosebleeds and purpuric spots 
developed, wdiose blood cells dropped from high 
to a low level and ivho needed multiple trans- 
fusions, in spite of which one of them died 

In T/ie Join nal of the Amo icon Medical Asso- 
ciation aie a senes of case reports which are of 
considerable interest in connection with the use 
of sulfonamide drugs incorporated into oint- 
ments Livingood and Pillsbury in the Army 
used a 5 per cent sulfathiazole cieam foi various 
local infections of the skm in something over a 
thousand cases In 12 cases reactions occuried, 
not at the time when the cream was applied 
but shortl) aftcrw’ard, wdien the drug was given 
by moutb foi some new condition Three of 
the 12 cases are described m detail The sulfa- 
thiazole cream had been applied foi approxi- 
mately twm w'ceks, and then after an interval, 
which was five days m 1 case, twelve days in 
anothei and fifty-eight dajs in the third case, 
sulfathiazole was given by mouth Within three 
to eight hours each of the 3 patients had chills 
and fever with malaise and a generalized vesicu- 
lar eruption The authois recommend that local 
sulfathiazole theiapy should not be used for 
moi e than five days at a time and that the indi- 
cations for It should be considered carefully, if 
only because the local treatment is capable of 
pioducing a generalized sensitiveness which may 
jeopaidize the patient’s life if later he needs 
the drug for some serious general disease 

Cohen, Thomas and Kalisch^"® desciibe 2 
patients with varicose eczema who were treated 
wuth sulfathiazole ointment and in whom fever 
and toxic rashes developed simply from the local 
absoiption They conclude that “sulfathiazole 
IS potentially too dangerous to use indiscrim- 
inately in mild ailments ” 

103 Hurd, R W , and Jacox, R F Thrombopenic 
Purpura Developing as a Complication of Sulfathiazole 
and Sulfadiazine Therapy, JAMA 122 296 (May 
29) 1943 

104 Livingood, C S , and Pillsbury, D M Sulfa- ^ 
tliiazole in Eczematous Pyoderma, JAMA 121 
406 (Feb 6) 1943 

105 Cohen, M H , Thomas, H B , and Kalisch, A 
C Hypersensitivity Produced by the Topical Applica- 
tion of Sulfathiazole, JAMA 121 408 (Feb 6) 
1943 
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Wemei also had 4 patients who showed 
extieme local hypei sensitivity to sulfathiazole 
Each of them gave positive leactions to patch 
tests with the drug ciystals, and in each the 
dermatitis cleaied when the tieatment was 
omitted 

Shaftei, Lentz and McGuiie^®" exhibit excel- 
lent pictures of the genei alized cutaneous lesions, 
some of them bullous, which may lesult fiom 
sensitization to sulfathiazole They point out 
that the condition may be induced by the local 
application and be elicited latei by oral exhibi- 
tion In a repoit of the Council on Pharmacy 
and Chemistiy, Cole declares that "Despite 
its value in some cases, the evidence of useful- 
ness of sulfonamide compounds in dermatology 
is insufficient to justify their inclusion in New 
and Nonofficial Remedies ” As he said "The 
sulfonamides act well m powder foim, but should 
not be used until other measures fail They 
should not be used for moie than five days at 
a time, and their use should be limited to those 
cases in which the diug is presciibed liy the 
doctoi himself ” 

Weiner diaws fuithei attention to the im- 
portance of eruptions due to sulfathiazole He 
lepeats that sensitization may develop from local 
application or f i om ingestion of the drug When 
the diug IS given again, the eiuptions may be 
of the contact type, in which patch tests elicit 
positive leactions, or of the generalized dissem- 
inated variety, in which reactions to skin tests 
of the immediate type and/or passive traiisfei 
antibodies (reagins) may be occasionally demon- 
strated in the patient’s serum In sensitization 
to sulfonamide compounds the tv o types of 
allergy, local and genei al, can exist either singly 
or together 

The whole subject of reactions to drugs, par- 
ticularly to the sulfonamide compounds, has 
been reviewed in a clear, masteily paper by 
Longcope^^® A good many of the responses 

106 Weiner, A L Cutaneous Hypei sensitivity to 
Topical Application of Sulfathiazole, JAMA 
121 411 (Feb 6) 1943 

107 Shaffer, B , Lentz, J W , and McGuire, J A 
Sulfathiazole Eruptions Sensitivity Induced by Local 
Therapy and Elicited by Oral Medication Report of 
Four Cases with Some Allergic Studies, JAMA 
123 17 (Sept 4) 1943 

108 Cole, H N The Local Use of Sulfonamide 
Compounds in Dermatolog}’-, report of the Council on 
Pharmacy and Chemistry, JAMA 123 411 (Oct 
16) 1943 

109 Weinei, A L Cutaneous Eruptions Following 
Topical and Oral Sulfathiazole, correspondence, J A 
M A 123 436 (Oct 16) 1943 

110 Longcope, W T Serum Sickness and An- 
alogous Reactions from Certain Drugs, Particularlv 
the Sulfonamides, Ikledicme 22 251, 1943 


can be compaied easily to the reaction to foi- 
eign serum called "sei um sickness ” Longcope 
points out that different antigens varj in then 
ability to produce serum sickness and that the 
antigenic propeity can be inci eased by the addi- 
tion of antibodies (immune seium is moie hkeh 
to cause trouble than is normal seium) as veil 
as by the admixture of bacteiial filtrates and 
othei pioducts It can be diminished somewhat 
by puiification of the seium "Despeciation” b} 
treatment of the seium by heat, b) acid oi bj 
alkali IS sometimes helpful but may i educe the 
antibody content at the same time Specificit) 
IS detei mined always by the chemical constitu- 
tion, as Landstemer has demonstrated Reac- 
tions to drugs are often comparable to serum 
sickness "Nirvanol,” for example, is a sodium 
salt of phenylethylhydantom The drug is used 
in tieatment of chorea, and it is not uncommon 
to have "nirvanol sickness” begin within six 
days aftei admimstiation of the drug is started 
It IS as well defined as measles Cm lously, hov - 
ever, a second course of the drug larely causes 
an immediate leaction Cutaneous sensitivit} 
cannot be demonstrated , no antibodies are found 
Mihan’s eiythema of the ninth day is a lash 
which may appear on the ninth oi tenth daj' 
aftei a dose of neoarsphenamme It also is 
analogous to seium sickness, and subsequent 
treatment may lead to seiious leaction As Di 
Longcope says, pievention of these disturbing 
symptom complexes consists, first, in thinking 
of the possibility, second, in asking the patient 
about his previous experiences with that sub- 
stance, and, third, m making sure that the treat- 
ment IS indicated and necessaiy Reactions to 
eye tests and skin tests are inteiestmg, but if 
the intravenous injection is given slowly and 
carefully, with an eye to the first signs of leaction, 
seiious trouble will be avoided Once the reac- 
tion of “serum sickness” has developed, there is 
no treatment vdiich is really successful Epi- 
nephiine is the best immediate symptomatic 
1 emedy 

Atopic Ecsema — ^Eczema of the atopic tj^pe, 
so called neurodermatitis, may be due in part at 
least to a dietary deficiency Bui r observed that 
when lats weie fed on a diet from which all fat 
Avas excluded the skin became scaly, with necrosis 
of the tail, growth was retarded, lesions developed 
in the kidneys and the animals died The feed- 
ing of fatty acids relieved the condition at once, 
and the fatty acids weie more effective as the} 
were more unsaturated As might be expected, 
the skin did not cleai unless grovth and nutri- 

111 Burr, G D Significance of the Essenfnl Fatti 
Acids, Federation 1 224, 1942 
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tion weie improved at the same time In his 
paper is the pictuie of an infant with seveie 
facial eczema He was given 3 teaspoons of lard 
each day for a month, and the next pictui e shows 
his skin deal The relations between vaiious 
fatty acids, then spaiing action one on the othei 
and then i elation to othei vitamins are discussed 
Di Sant’Agnese and Lai km studied the ca- 
pacity foi absoiption of vitamin A in 4 infants 
with eczema and found it gieatly impaiied De- 
ficiency may depend on faulty absoiption as well 
as on inadequate feeding Hairib and Ga\ 
tieated 20 patients with infantile eczema with 
large doses of vitamin B (whole complex), but 
onty 2 patients w'eie healed, although 11 othei s 
w^eie impioved Engman and MacCardle 
found a new' appioach to the piohlem The\ fed 
wdiite lats on a magnesium-deficient djet and re- 
port that cutaneous lesions similar to those of 
neui odermatitis developed 

The 1 elation betw'een these deficiencies and the 
capacit} to acqune sensitiveness must be con- 
sideied, if onl} because theie aie so many cases 
in wdneh a simple food alleigy, to eggs oi to 
cows’ milk foi example, appears to be an ade- 
quate cause foi the disease Skin tests elicit posi- 
tive reactions, the food is eliminated, the child 
lecovers ^^d^ether this sensitization is condi- 
tioned b) the total dietar} and its propei absorp- 
tion IS a good question Frei studied the effect 
of variations in the vitamin A (caiotene) intake 
and the development of hypersensitiveness to 
ai sphenamine in guinea pigs, but he could find 
no vaiiation in the degiee of reactions before and 
after the tieatment This, however, was an 
“acute” expel iment McKhann, Spector and 
Meserve in an excellent review on the celiac 
s 3 'ndrome say that it is not clear whethei the 
allergy is secondary to the gastrointestinal symp- 
toms or vice versa It is their impression that 
the difficult}' w'lth the absorption of fat is a le- 
sult of the allergy and not a cause of it Fries 

112 di Sant’Agnese, P A , and Larkin, V deP 
Vitamin A Absorption in Infantile Eczema, Proc 
Soc Exper Biol & Med 52 343, 1943 

113 Harris, A , and Gay, L N The Use of Vitamin 
B Complex in the Treatment of Infantile Eczema, J 
Allergy 14 182, 1943 

114 Engman, M F, Jr, and MacCardle, PC A 
New Approach to the Problem of a Disseminated 
Neurodermatitis, Arch Dermat & Syph 46 337 
(Sept) 1943 

115 Frei, W Further Studies in Arsphenamine 
Hypersensitiveness m Guinea Pigs IV Vitamin A 
(Carotene) m Relation to the Sensitization of Guinea 
Pigs to Old Arsphenamine, J Invest Dermat 5 117, 
1942 

116 McKhann, C F , Spector, S , and Meserve, E 
R An Association of Gastro-Intestmal Allergy with 
the Celiac Syndrome, J Pediat 22 362, 1943 


and Mogil“" look loentgenograms of children 
with the symptoms of gastrointestinal allerg} 
Gastiic retention was the most common finding, 
but inci eased intestinal segmentation and colonic 
spasm w'ere also observed They say that these 
effects w ere not due to the nuti itive composition 
of the food, but then they admit that flavorings 
in even small amounts may produce changes 
Wing and co-w'orkei s studied food allerg} 
W'lth the roentgen rays both in man and in the 
guinea pig In the cases of 3 of 9 patients the\ 
felt suie that the abnormalities obsen'cd were 
not due to the nuti itive factors but obviously the 
method is haid to contiol This subject of in- 
fantile eczema and of neui odermatitis is impor- 
tant Theie is neither time noi space to discuss 
it fuither here, but it is good to have several 
new suggestions as leads for fuithei study 

mexilre’s disease and migraine 

Atkinson has w ritten a helpful paper on the 
1 elation betw een iMeniere’s disease and migraine 
The auditoi} artery and the posterior cerebral 
aitei} are both branches of the basilar arter} 
It is easy to see how' the veitigo of Meniere’s 
disease and the scotoma of migraine can have a 
similai mechanism and be i elated As said be- 
lore, in the pai agi aphs on the chemical effectors, 
Atkinson distinguished between persons who 
have headaches of the vasodilatoi type (“red 
headaches ’ ) , a small group, w itli symptoms 
sometimes precipitated by allergy, sensitive to 
histamine and iclieved by treatment with hist- 
amine, and pel sons w'lth headaches of the vaso- 
constiictor type (“w'hite headaches”), a much 
larger gioup, w'lth no allerg}, not sensitive to 
histamine and relieved by nicotinic acid Com- 
binations of headaches and dizziness aie com- 
mon, and one finds “migraine w'lth vertigo” oi 
“Meniere's syndrome w'lth headache ” The fre- 
quency IS show'll in a tabulation adapted from 
Atkinson’s paper 

Memdte’s Disease 

Vasodilator Vasoconstiictor 



Group 

Group 

With migraine 

10 

12 

With nonspecific headache 

6 

36 

No headache 

4 

40 

Total 

20 

88 
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The histoiy is helpful, foi in the vasodilator 
gioup the headache comes first, before the diz- 
ziness, which often “explodes” in a sudden at- 
tack, while in the vasoconsti ictor gioup the vei- 
tigo comes fiist, with headache latei Meantime, 
Trowbridge and co-workeis find that the con- 
\entional methods of symptomatic tieatment of 
migraine aie effective so fai as the one attack 
IS concerned Ergotamine taitiate gave complete 
lelief in 80 pei cent of the cases in which it was 
used Moiphine was effective in 59 pei cent, 
phenobarbital in 16 per cent and acetylsalicylic 
acid in 10 pei cent 

INSULIN ALLERGY 

Insulin alleigy may be a tioublesome compli- 
cation Goldnei and Ricketts found that 20 
per cent of patients tieated with insulin manifest 
mild local leactions after the fiist week of tieat- 
ment, which, however, disappeai as the treatment 
continues In 8 cases the sensitiveness peisisted 
or developed at a later time This was especially 
the case when the patient had neglected to take 
insulin regularly and when the time interval was 
sufficient to allow the sensitizing effect of the 
early tieatment to develop The lapse in theiapy 
was important Pievention of fuither local leac- 
tion was effected by injecting insulin in small 
increasing doses at intervals of only a few hours 
Watson found insulin allergy in 5 pei cent 
of his insulin-treated diabetic patients Weitz 
describes a patient whom he had desensitized 
successfully and adds that the positive reactions 
to skin tests and the antibodies (reagins) to in- 
sulin which weie present at the stait disappeared 
later Lowell has found two antibodies for 
ciystalline insulin One is concerned with the 
allergy and, like other reagins, is destroyed by 
heating the seium at 56 C for an hour the othei 
IS concerned with lesistance to insulin A pa- 
tient who gave a positive reaction to a skin test 
with insulin showed no reduction of the blood 
sugai level when ci3'^stalhne insulin was injected 
Hei tolerance to crystalline insulin was ab- 
normally high Hei seium protected mice 
against lethal doses of ciystalline insulin Toward 

120 Trowbridge, L S , von Storch, T J C, and 
Moore, M The Drug Therapy of Migiame Headache, 
New England J Med 227 699, 1942 

121 Goldnei , !M G , and Ricketts, H T Insulin 
Alleigy A Report of Eight Cases with Generalized 
Symptoms, J Clm Endocrinol 2 595, 1942 

122 Watson, E M Nonhypogh'cemic (Allergic) 
Insulin Reactions, Canad M A J 47 336, 1942 

123 Weitz, M A Insulin Hypersensitnity with 
Desensitization, J Allergy 14 220, 1943 

124 Lowell, F C Evidence for the Existence of 
Two Antibodies for Crj'Stallme Insulin, Proc Soc. 
Exper Biol & Med 50 167, 1942 


human insulin she behaved difterently The skin 
test elicited a positive reaction as before, but 
the blood sugai level dropped when human in- 
sulin u as given Her tolerance for human insulin 
uas noimal Her seium vas not effectne in 
piotecting mice against human insulin The 
reason for the discrepancy is hard to explain 

ALLERGY TO INJECTABLE LIVER EXTRACTS 

Femberg, Howard and Young add 8 cases 
to the list of 29 ievie\ved in 1940 by Harten and 
Walzei The}’- made skin tests on their pa- 
tients with ten different commeicial preparations 
of hvei , they also applied fresh juices from beef, 
hog, hoise and human hveis and extiacts of 
othei oigans All then patients leacted to the 
puiified livei extracts but not to the proteins of 
muscle, kidney oi stomach except for slight le- 
sponses in 1 or 2 instances The authois con- 
clude that the alleigy is directed to the anti- 
anemic factoi in the hvei and that this is a potent 
alleigen wdiich contains neithei piotein noi cai- 
bohydiate and w^hich is not species specific oi 
oigan specific I quote “Attention is called to 
the potential immunologic significance of the 
demonsti ation of an antigen lesiding in a fi ac- 
tion of an oigan tissue” 

INSECT BITES 

Theie are tliiee repoits dealing with seveic 
leactions to insect bites Fiom Kenya Colon} 
comes the lepoit of Jex-Blake that a patient 
was stung by bees twelve times during tw'enty 
yeai s with no ill effects Then, after another bee 
sting he became acutely ill, pulseless, cyanotic 
and unconscious for about ten minutes Nine 
months latei he was bitten again, and this time 
he died watliin fifteen minutes Similar is the 
case leported by Helm 

Mease desciibes a man w'oiking in a Florida 
orange giove, where he was miseiable because of 
severe leaction to the bites of deer flies Thirty 
flies weie collected and maceiated in 30 cc of 
buffeied saline solution, and skin tests wnth the 
filteied extiact w’ere made on the patient as w'ell 
as on noimal pei sons The normal persons gave 

125 Femberg, S M , How'ard, L A , and Young, 
R H Allergy to Injectable Li\er Extracts Clinical 
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no leaction, but the patient gave an immediate 
uiticanal wheal response In view of this, de- 
sensitization was carried out The man was 
treated with doses of the extiact given subcu- 
taneously on the second, fouith, seventh and 
eleventh days and thei eaftei for ten weekly inter- 
vals Meantime, the flies no longei bothered 
him The next spiing he was given more injec- 
tions, and since then for foui years he has been 
“cured ” 

Longcope compares reactions to di ugs to 
seium disease It is easy to compaie othei and 
even more diamatic episodes to anaphylaxis it- 
self In these theie aie three factors fiist, the 
oiigmal treatment, which may be likened to the 
sensitizing dose , second, a period of time without 
tieatment, the incubation peiiod, and, thud, the 
subsequent dose, which is followed often and 
piomptly by a seveie and hteiall} shocking leac- 
tion This sequence occuis in some of the cases 
of leaction to diugs Sulfonamide drugs aic 
given foi gonoirhea at the age of 26 and no 
tiouble lesults, but when such compounds aie 


given again to the same man for pneumonia or 
meningitis at the age of 32 severe symptoms 
develop at once This occurs wuth insulin and 
with livei pieparations and with insect bites Is 
it possible that other allergies, like hay fever or ‘ 
hypersensitivities to dogs or cats, aie aggravated 
by the fact that exposure is intermittent, some- 
times wuth 3'eai s betw^een the periods of contact ^ 

As for our boys overseas, thank God that each 
and every one of them has been immunized ac- 
tively wuth diphtheiia and tetanus toxoids and 
w ith gas bacillus vaccine and that many ha\ e been 
immunized wuth the } ellow" fevei virus Foreign 
seium IS no longei to be reckoned with except 
m odd cases Reactions to human plasma are 
lepoitcd and wull be leview’^ed later w'hen more 
is know'll about them This is no time to cast 
any aspeision on a method which has sa\ed so 
mail} lives but one can hope that the study of 
these icactions which is going on all over the 
w'orld w ill lead to still greater adi ances in know'l- 
cdge 
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Gastro-enterology By Henry L Bockus, M D 
Volume I Price, S12 Pp 831 Philadelphia W B 
Saunders Co , 1943 

The first volume of what promises to be a monu- 
mental woik on gastroenterology discusses the esoph- 
agus and the stomach Volume II is to deal with the 
small and large intestines and the peritoneum, and 
\olume III, with the liver, the biliary tract and the 
pancreas 

The book makes its beginning, in section I, with five 
chapters on the examination of the patient The first 
chapter has to do with history taking, and in view of 
the detailed discussion of diseases of the stomach and 
the esophagus elsewhere it would seem that the ten 
pages devoted to history taking is rather brief In this 
section the other chapters have to do with symptoma- 
tology, with the physical examination and with the 
laboratory examinations 

Section II has to do with the esophagus and the 
diaphragm Eleven chapters are devoted to applied 
anatomy and physiology of the esophagus, stricture, 
cardiospasm, tumors, esophageal hiatus hernia and so on 

Section III, on disorders of the stomach, makes up 
the bulk of the volume, 624 pages It is readily appre- 
ciated, therefore, that the subject is covered with minute 
attention to every phase The introductory chapters 
have to do with the applied anatomy and physiology 
of the stomach, but the remainder of the section is 
devoted to the pathology, the diagnosis and the treat- 
ment of vaiious gastric diseases 

Only the most favorable comments can be made about 
this tremendous undertaking of Dr Bockus The book 
15 the product of an ingenious, fertile and retentive 
mind One of the agreeable features of the book is that 
Bockus uses the first person singular repeatedly and 
expresses his own definite opinions about nearly every- 
thing he discusses Most readers appreciate the per- 
sonal touch in their reading One minor criticism is 
that Bockus is not quite sure when a patient is a 
patient or a case As a rule one treats a patient rather 
than a case , the patient dies and not the case 

The format in every way is excellent The paper is 
glossy and permits of excellent reproduction of roent- 
genograms, drawings and photographs Some of the 
photographs, incidentally, are colored This first volume 
15 well indexed, and there are innumerable references 
The book can be recommended not only for its excel- 
lent appearance but, what is much more important, for 
its intelligent and thoughtful presentation It should 
appeal to the internist irrespective of whether or not he 
classifies himself as a gastroenterologist It should be 
on his bookshelf Surgeons and other specialists who 
maj'- have occasional problems dealing with the gastro- 
intestinal tract would probably consult it frequently 
m a medical library in order to have an authoritative 
and last word observation on a subject in which they 
are probably only remotely interested 

Pathology and Therapy o£ Rheumatic Fever By 
Leopold Lichtwitz, M D Foreword by William J 
Maloney, M D , LL D , F R S (Edin) Edited by 
Major William Chester, M C, A U S Price, $475 
Pp 211 New York Grune and Stratton, 1944 

For many years rheumatic fever has been the subject 
of profound and tireless investigation by eminent clini- 


cians, bacteriologists, pathologists, public health workers 
and other investigators While much progress has been 
achieved toward a better understanding of the disease, 
It is generally conceded that the causation of rheumatic 
fever is still unsettled but that several factors partici- 
pate It is therefore amazing to note the uncompro- 
mising views expressed by the author of this text 
The opening sentence of the book clearly depicts this 
“Rheumatic fever is a nonmfectious disease ” The 
author contends that rheumatic fever is caused, not by 
a specific micro-organism or virus, but by a sensitiza- 
tion to antigens, protein in nature, which in most cases 
are products of micro-organisms All consequent argu- 
ments are based on this premise 

The conventional ideas of incidence and personal 
factors of rheumatic fever are considered The patho- 
logic changes of the disease as they occur in various 
parts of the body are discussed m considerable detail 
The author states that Aschoff bodies are neither specific 
to rheumatic fever nor pathognomonic of it and briefly 
dismisses the controversial issue regarding what he calls 
analogous lesions He writes that such lesions occur 
in other infectious diseases In the last paragraph on 
page 42 is found the following remarkable statement 
“The collagen fibrils swell, and the auricular endo- 
thelium, losing Its epithelium, undergoes necrosis” It 
IS possible that the word epithelium is a typographic 
error 

All possible foims of therapy are discussed in detail 
Tonsillectomy is condemned, but the local treatment of 
infected tonsils, a method long since frowned on by 
leading otolaryngologists, is advocated While tonsil- 
lectomy neither cures nor prevents rheumatic fever, 
definite indications foi its performance frequently occur 

The reviewer is fully aware of the uncertainties that 
prevail today regarding the causation of rheumatic fever 
and therefore cannot subscribe to the unequivocal views 
expressed m this book The allergic factor in rheu- 
matic fever is generally accepted, but with the evidence 
at hand it cannot be looked on as the sole cause The 
book contains numerous inconsistencies and contra- 
dictions 

The Role of Nutritional Deficiency in Nervous 
and Mental Disease Reseaich Publications, Asso- 
ciation for Research in Nervous and Mental Disease 
Volume XXII Price, $4 Pp 215 Baltimore 
Williams & Wilkins Company, 1943 

This excellent book of two hundred pages consists of 
the proceedings of the December 1941 meeting of the 
Association for Research in Nervous and Mental Dis- 
ease It is a symposium on the role of nutritional 
deficiency in neuropsychiatnc disorders and includes 
sixteen articles, each of which was contributed by an 
expert in his particular field of endeavor The first half 
of the volume is devoted to papers which summarize 
contributions from the fundamental sciences , the second, 
to reports on clinical aspects of the subject The open- 
ing chapters are of general interest, the first containing 
a brief discussion of outstanding facts gleaned from 
physiologic investigations of animal nutrition and the 
second dealing with the relation of enzymes to deficiency 
disease Subsequent articles are devoted to the role of 
vitamins in brain metabolism, general problems of nutri- 
tional deficiency, the thiamine content of human tissue,. 
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the pathology of deficiencies of the vitamin B group, 
Mtamin A and the nervous system and vitamin E 
deprivation The second part of the book includes dis- 
cussions of the clinical aspects of human thiamine defi- 
ciency, expel imentally induced, mental and neurologic 
aspects of vitamin B complex deficiencies, emotional 
disturbances in pellagra, multiple neuritis, phenylpyruvic 
oligophrenia, pernicious anemia and allied disorders, the 
psychoses and nutritional deficiency, and the prevention 
and cure of nutritive failure 
Appended to each article is the discussion which fol- 
lowed piesentation of the paper This is exceedinglv 
valuable in clarifying, and often resolving, apparently 
inconsistent findings and in presenting the rationale of 
divergent opinions on a numbei of contro\ ersial subjects 
The book is highly recommended, not only to the 
neuropsjxhiati ist but to all clinicians interested in the 
general problems of deficiencv disease 

Office Treatment of the Nose, Throat and Ear 
By A R Hollender, AID, Associate Piofcssor of 
Laryngology, Rhmolog\ and Otologj, Umvcrsitj 
of Illinois College of Medicine Price, 85 Pp 480, 
with 120 illustrations Chicago Year Book Pub- 
lishers, Inc , 1943 

This IS an attractive book which phesicians and 
medical students w'lll be glad to know The author sa\s 
that a large number of diseases of the nose, throat and 
ear should be treated at the office rather than in the 
hospital, and he proceeds to describe each of these and 
how' they should be managed 
He has divided his subject-matter into tw'o parts 
The first gives a general sur\cy of the field and an 
account of the available therapeutic measures, the 
second describes technics to be utilized The whole 
makes up an excellent handbook, practical as can be 
The illustrations in the technical section are unusually 
good, so that one can rcadilj see how' the different tools 
that the modern otolaryngologist has at his command 
should be manipulated The w ritiiig throughout is 
simple and unaffected, and the author’s meaning is 
always understandable At the end of each of the 
tw'enty-three chapters is a short bibliogiaph> selected 
critically to develop further information aiound the 
topics discussed 

The methods of treatment which arc advocated often 
seem relatively simple, are described in detail and appear 
to be based on a solid foundation of common sense and 
experience On the whole, here is a book that a great 
many physicians will find useful , and students or interns 
will swear by it 

A Textbook of Medicine By American Authors 
Edited by Russell L Cecil, A B , M D , Sc D , Pro- 
fessor of Clinical Medicine, Coinell University Med- 
ical College Associate Editor foi Diseases of the 
Nervous System, Foster Kennedy, M D , F R S E , 
Professor of Clinical Neurology, Cornell University 
Medical College Sixth Edition, Revised and En- 
tirely Reset Price, $9 50 Pp 1,566, with 195 

illustrations and charts Philadelphia W B 

Saunders Company, 1943 

One hundred and fifty-four authors have collaborated 
under the editorship of Drs Cecil and Kennedy to 
produce this book It is the sixth edition of this w'ell 
knowm textbook, which first appeared in 1927 Any 
w'ork that goes through six editions in fifteen yeais 
may be accepted as w'orth while The book is familiar 


to most physicians, but the present edition contains 
much that is new' and much that has been thoroughh 
rewritten Aviation medicine, air sickness, virus pneu- 
monia and hirudinea represent a few of the innovations 
The form of the book has been changed so that much 
new' material has been added without increasing the 
already large size too much As a matter of fact, there 
arc fewer pages, but the larger page size and the 
airangement of the mateiial in double columns more 
than make up for that 

This work still remains a standard one for students, 
teachers and practitioners 

Modificacoes de forma do eletrocardiograma Be 
Dante Pazzancse Pp 373 Sao Paulo, Brazil 
Grafica da Prcfeituia, 1942 

Tlie authoi emphasizes the importance of cmplojing 
a piopcr technic when recording an electrocardiogram 
He presents tracings show mg patterns characteristic 
of infarction that arc due to technical errors See oral 
such tjpes of tiacings are presented throughout the 
monograph to cmplnsizc the importance of controlling 
technic, eaiiations in the patient’s habitus and certain 
noimal phvsiologic phenomena when interpreting elec- 
ti ocardiograms Some of the records arc interesting 

1 here arc mam illustrations klost of them are clear, 
but too mam arc poor The author approaches the 
pioblcm in nioic or less the same fashion ns followed 
in othei monographs He does not employ anj new 
or tiul> original lines of presentation As in most 
monographs on the subject, there is no simplification 
of the subject The book fails to fulfil the needs of a 
beginner who is interested in electrocardiography for 
the first time There is little of interest to one who is 
alicadj trained in the subject, to him the volume is 
just another book on electrocardiograph} It does, 
howener, fulfil a need in that it makes a monograph on 
the subject a^aIlablc to phssicians who are better 
acquainted with the Poituguese language than w'lth 
English 

Pain B} thirt}-sc\cn contributors Research Publi- 
cations of the Association for Research in Nenous 
and kicntal Disease Volume XXIII Price, $7 50 
Pp 468 Baltimore V'llliams & Wilkins Company, 
1943 

This a'olumc maintains the high standards set b} 
the previous research publications In 1942 the subject 
of pain was selected as the topic for the annual meeting 
of the organization Thirt} -seven different contributors, 
with associates in some instances, have made possible 
a 468 page discussion of what is, to make a trite state- 
ment, the most inipoitant symptom subjectnel} in the 
category of symptoms, namely pain This ‘ simple 
scnsoiy experience” is discussed from innumerable 
points of view' The s}mposium staits out w'lth a 
physiologic and psychologic discussion of pain and con- 
tinues more specifically in the field of special types of 
pain, such as those that occui in heart disease, in head- 
ache and in diseases of the digestive tract and of other 
impoitant organs and systems of the body Altogether 
the subject of pain is treated in a comprehensive fashion, 
and the leader of this publication will obtain a broad ^ 
know'ledge of w'hat pam is, how pain expresses itself, 
Avhat can be done for painful conditions, how important 
pam IS in diagnosis and so on ad infinitum The re- 
view'er considers this book to be an important con- 
tiibution and recommends it most highly 
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Internal Medicine in General Practice By Lieu- 
tenant Robeit Piatt McCombs (MC) US NR, re- 
cently Instructor in Internal Medicine for the State- 
wide Postgraduate Progiain of the Tennessee State 
Medical Association Price, cloth, $7 Pp 694, with 
114 illustrations and figures Philadelphia W B 
Saunders Companj’-, 1943 

This is a textbook of medicine that begins at a little 
higher level than the textbook foi students It attempts 
to do what the title indicates, nameli’-, to present a post- 
graduate course m medicine for geneial practitioners 
It does this leasonably well It coveis a surprisingly 
w'lde lange of subjects m a rathei abbieviated fashion 
and points out the salient diagnostic featuies of and the 
therapeutic pitfalls that he in various diseases It 
leview's the detail of history taking and of physical 
diagnosis and is w'ell up-to-date on its coverage of new' 
disease entities and new' theiapeutic agents The book 
will be of considerable value to the busy w'artime geii- 
eial practitioner, and it is pointed out in the forew'ord 
that It may serve a puipose among physicians m the 
armed services w'hen they are called on to meet situa- 
tions w'lth w'hich they aie not entiiely familiai 

The Compleat Pediatrician By Wilbur C Davison, 
M D , Professor of Pediatrics, Duke University 
School of Medicine Pi ice, $3 75 Durham, N C 
Duke University Pi ess, 1943 

The “Compleat Pediatrician” fills the same admirable 
purpose m this edition that it has in three earlier ones, 
it has no peer as a “bedside guidebook” for student and 
practitioner alike 

Many revisions have been made, all eminently prac- 
tical and all designed to serve as stimulating iciiundas 
of a broader coverage of medical know'ledge contained 
in larger, moie conventional textbooks 

Only by a brief study of the volume can one appre- 
ciate its great usefulness, the division of subjects 
follows a logical order, and any one using the volume 
foi the purpose intended w'lll find it an invaluable aid 
Brief descriptions and evaluations of new'er laboratory 
procedures should be most helpful to busy practitioners 
This book should be on the desk or in the kit of 
any physician w'ho deals with infants and children 

Elements of Medical Mycology By Jacob Hyams 
Sw'artz Price, §4 50 Pp 190, with 80 illustrations 
and 1 chart New' York Grune and Stratton, Inc , 
1943 

The best pait of this little manual is the systematic 
descriptions and illustrations of the various fungi The 
clinical descriptions are too brief to be of a great deal 
of value, and here and there are statements w'lth which 
the review'er does not entirely agree It is his im- 
pression, for example, that precipitation and comple- 
ment fixation tests foi coccidiodomycosis are now' well 
established as diagnostic proceduies The book is finely 
printed and beautifully illustiated, there are bibli- 
ographies and an index, and on the w'hole it should 
piove useful as an introduction to the subject 

Applied Dietetics Bj' Fiances Stern Second edi- 
tion Price, §4 Pp 267, with 57 tables Baltimore 
Williams & Wilkins Company, 1944 

Miss Stern stands out as a pioneer figure in modern 
dietetics, the preface of her book recalls that .the food 
clinic at the Boston Dispensary was opened as long 
ago as 1918 It must be a source of gratification to 
the authoi, w'ho w'orked so hard and for so man\ 


years to encourage others, to see the food clinic now' 
universally recognized as an integral pait of any out- 
patient department Miss Stern’s book contains the 
usual machinery of such compendiums — diet lists, tables 
of food values, etc Special emphasis is on the normal 
diet and the environmental factors which influence it 
Above all the education of the patient is stressed It 
IS a pleasure to welcome after nine years the appear- 
ance of a new' edition of this useful book 

Clinical Lectures on the Gallbladder and Bile 
Ducts By Samuel Weiss Price, §5 50 Pp 504, 
with 125 figures and 21 tables Chicago Year Book 
Publishers, Inc , 1944 

The method of dealing with a subject in a series of 
lectures takes one back to the nineteenth century, when 
it had a high degree of popularity One maj' believe 
that the w'riter by assembling a senes of lectuies im- 
plies a somewhat informal discussion and perhaps 
lelieves himself from the responsibility of systematically 
covering all aspects of a subject Lectures may also 
bo assumed to reflect a highly personal point of view 
The present volume, however, covers the subjects of 
the gallbladder and the bile ducts thoroughly and ade- 
quately The illustrations are profuse and well selected, 
and there are good bibliographies 

Handbook o£ Nutrition A Symposium Piepaied 
by Council on Foods and Nutrition of Amciican 
Medical Association Price, §2 50 Pp 586 Chicago 
Ameiican Aledical Association, 1943 

Most physicians have seen these excellent ai tides in 
The Journal of the Ameucan Medical Association as 
they have appeared during the past year or so The 
subjects of nutrition in general, vitamins, vitamin de- 
ficiency and minerals in nutrition aie thoioughly 
covered by outstanding authorities The volume fui- 
nishes a mine of information as w'ell as a thorough 
bibliography of the recent literature 

Medical Physics Editor m Chief, Otto Glassei. 
Price, §18 Pp 1744, w'lth numerous figuies and 
tables Chicago The Year Book Publishers, Inc , 
1944 

This monumental compendium of 1,744 pages (folio) 
dealing with the application of physics in medicine is 
really a small encyclopedia Alphabetically arranged 
there are hundreds of brief articles dealing with all 
sorts of subjects Thus if one opens at landom one 
comes across “Massage,” “Alathematical Biophysics,” 
“Matter Structure,” “Metabolism Apparatus ’ and 
“Methods ” A series of articles on “Roentgenography” 
runs from page 1262 to 1330, to be followed by 70 
pages on “Roentgen Rays” Then comes “Shock,” 
“Sound,” etc The articles are concise, written by w'ell 
know'll authorities and plentifully illustrated with photo- 
giaphs, charts and tables There aie adequate indexes, 
and the material is easy to find One is impressed bj'- 
the need of just this sort of reference book 

Neurology By Roy R Grmkcr, AI D Third edition. 
Price, §6 50 Pp 1075 Springfield, 111 Charles C 
Thomas, Publisher, 1943 

As a comprehensive textbook m one volume, this 
edition of “Neurology” is to be recommended above 
any other text Preiious editions are w’ell known for 
the successful inclusion of fundamental anatomic and 
physiologic knowledge m a clinical book This edition 
has followed the same policy but has improved on the 
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clinical discussions and has omitted none of the sig- 
nificant neuiologic conditions The latest m diagnostic 
and therapeutic technics are presented in good detail 
and are too numerous to be listed here The book 
carries authority because of the wi iter’s own studies 
on a Mide range of neurologic problems 
This volume is well propoitioned and intelligently 
written, it is therefore pleasant leading It is a large 
book but is §2 cheaper than pieiious editions 

Primeras reuniones extraordinanas de la Asocia- 
cion de medicos del Hospital Durand Edited 
by Dr Jose Alberto Pique Pp 675 and 1428 (two 
volumes) Buenos Aires, Argentina, 1942 

These two volumes contain papeis presented by the 
members of the staff of the Durand Hospital at the staff 
meetings held intermittently throughout the year The 
selection of subjects is catholic, they extend from occu- 
pational diseases and glaucoma to therapeutic abortion 
and acute appendicitis The articles might be welcomed 
by general practitioners, though the treatment of some 
of the subjects is probably far beyond then fundamental 
knowledge The subjects m which specialists might be 
interested are few and far betw'cen The book conse- 
quently IS neither fish, fowl nor good led herring and 
would have a limited appeal to Anieiican physicians 


It does show concretely, how'ever, that a hospital staff 
can have excellent meetings and that the} can be carried 
through in more than a perfunctory manner 

Family Nutrition Published by the Philadelphia 
Child Health Societ} Pi ice, 50 cents Pp 119, W'lth 
22 tables, 10 charts and 26 illustiations Phila- 
delphia, 1943 

This brochure gnes an admiiable summary of the 
problems of nutiition The usual facts about calories, 
Mtamms, etc, are well stated, but in addition there is 
much useful material on the nutritional status of groups, 
diet in relation to public health problems and menu 
planning for various groups The material is well 
organized, with excellent diagrams and charts 


CORRECTION 

In the article bj, Captain John E Leach 'entitled 
“Effect of Roentgen Therapj on the Heart A Clinical 
Study,” W'hich appeared in the December 1943 issue 
(Ancn Int Med 72 715, 1943), the word “arrhjdhmia” 
IS spelled, mrorrecth, without the “h ” 
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Deimatomyositis is frequently unrecognized 
because of lack of familiarity with its variable 
clinical manifestations In the advanced stage 
of the illness the diagnosis is seldom difficult 
This leport concerns the clinical and laboratory 
findings and biopsy observations on muscle in 
‘the cases of 9 patients with dermatomyositis who 
were observed in Vanderbilt Hospital during one 
year A certain number of the cases in this series 
were atypical, yet there were sufficient significant 
features to justify this diagnosis 

The cause of dermatomyositis is unknown 
Frequently the earliest symptom is preceded by 
an acute infection Although this disease may 
occur at any age, it usually occurs between the 
ages of 10 and 50 years There is no significant 
sex predominance Pathologically the salient 
lesions are present in the striated muscles , how- 
ever, many other structures may be implicated 
The onset of the disease may be abrupt or 
insidious, remissions and exacerbations are fre- 
quent The course of the illness varies from 
weeks to years The outcome is reported to be 
fatal in 50 to 60 per cent of the cases 

The most characteristic featuie of this disease 
IS the involvement of muscles, which often 
pioduces the earliest symptoms Muscular pains, 
tenderness, stiffness and fatigue are common 
complaints and may be localized or generalized 
at the onset of the illness As the disease 
progi esses, the muscles of the shoulder and of the 
pelvic girdle as well as the proximal muscles of 
the extremities are affected in particular The 
consistence of the involved muscles is variable 
Late in the illness atrophy and contractures of 
the muscles may occur The extrinsic orbital 
muscles, the muscles of the jaw, tongue, pharynx 
and larynx, the intercostal muscles and the 
diaphragm may be affected Involvement of the 
diaphiagms with subsequent respiratory paralysis 
oi pulmonary infection is the most common 
cause of death There is both clinical and 
anatomic evidence to show that the heart may be 

From the Department of Medicine, Vanderbilt Uni- 
\ersity School of Medicine, Nashville, Tenn 


involved, although this is not common ^ Rarely 
death may result from cardiac failure 

Cutaneous lesions usually develop during the 
illness While ordinarily erythematous, the erup- 
tion IS nonspecific and may simulate a variety of 
dermatologic conditions ^ Other cutaneous mani- 
festations include hyperhidrosis, loss of hair, 
pigmentation, telangiectases, sclerodermatous 
changes and subcutaneous calcification There 
may be lesions of the mucous membranes ^ 
Brawny or soft edema, often accompanied by 
erythema, is a frequent finding Vasomotor 
„ disturbances, particularly Raynaud phenomena, 
are present in many instances and may constitute 
the earliest symptoms 

Headache, fever, easy fatigability and loss of 
weight are common complaints There may be 
paresthesias or muscular cramps Hemorrhagic 
manifestations, with purpura, epistaxes and 
bleeding into the intestine and kidneys, have been 
observed ^ There may be arthritic pains, 
although these usually have been ascribed to 

1 (a) O’Leary, P A , and Waisman, M Derma- 
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matomyositis A Study of Five Cases, Am J Path 
16 561-594 (Sept ) 1940 (d) Keil, H Dermatomyo- 

sitis and Systemic Lupus Erythematosus II A Com- 
parative Study of the Essential Clinicopathologic 
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2 (a) Keller, R Zur Dermatomyositis im Kinde- 
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litz, S , and Welt, S K Dermatomyositis, Am J 
Dis Child 43 1134-1149 (May) 1932 (c) Keil, H 

The Manifestations in the Skin and Mucous Membranes 
in Dermatomyositis with Special Reference to the Dif- 
ferential Diagnosis from Systemic Lupus Erthematosus 
Ann Int Med 16 828-871 (May) 1942 
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stein, J Dermatomyositis A Report of a Case with 
a Review of the Literature, Ann Int Med 9 406-425 
(Oct ) 1935 (c) Keil, H Dermatomyositis and Sys- 

temic Lupus ^Erythematosus I A Clinical Report of 
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a Possible Etiologic Factor, Arch Int Med 66 109- 
139 (July) 1940 
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tendinous and periarticular involvement rathei 
than to actual disease of joints ® Additional 
findings have included retinal changes,® spleno- 
megaly and hepatomegaly, enlargement of lymph 
nodes,^ effusions into body cavities and 
decreased tendon reflexes ® The laboratory and 
pathologic aspects of this disease will be men- 
tioned later 

The diagnosis of dermatomyositis depends on 
clinical and pathologic observations In the 
differential diagnosis, most difficulty arises in 
distinguishing dermatomyositis from sclero- 
deima Much clinical and pathologic evidence 
has been presented to show that these two con- 
ditions aie meiely variations of a single dis- 
ordei ° Certain observers, howevei, contend 
that thejr are clinically and pathologically dis- 
tinct Disseminated lupus eiythematosus, peri- 
arteritis nodosa, early rheumatic fever, early 
iheumatoid arthritis, tncbmiasis, polyneuritis 
and epidemic m3'algia are only a few of the con- 
ditions which ma) be confused with dermato- 
myositis 

Treatment of dermatomyositis has been un- 
satisfactory In many instances salicylates do 
not relieve the muscular symptoms Milhorat 
and his co-workers noted some clinical im- 
piovement after administration of vitamin E 
Other therapeutic measures have included rest, 
physical therap), administration of potassium 
iodide, transfusions, administration of vitamins, 

5 O’Leary and Waisman la Keil Marcus and 
W einstein 

6 Bruce, G M Retinitis in Dermatomyositis, Tr 
Am Ophth Soc 36 282-297, 1938 Schuermann it* 
Keil (footnotes 1 d and 4 c) 

7 (o) Holler, G Em Fall von isolierter Poly- 

myositis, Wien med Wchnschr 89 321-325 (March 
25) 1939 (h) Keilia 

8 O’Leary and Weisman Marcus and Wein- 
stein 

9 (a) Freudenthal, W Generalized Scleroderma 

and Dermatomyositis A Histological Comparison, Brit 
J Dermat 52 289-295 (Oct) 1940 (h) Lewis, T 

Notes on Scleroderma (Dermatomyositis), ibid 52 
233-242 (Aug -Sept) 1940 (c) Dowling, G B Gen- 

eialized Scleiodermia, ibid 52 242-256 (Aug -Sept) 
1940 (d) Hecht, M S Dermatomyositis in Child- 

hood, J Pediat 17 791-800 (Dec ) 1940 

10 Brock, W G Dermatomyositis and Diffuse 
Scleroderma Differential Diagnosis and Reports of 
Cases, Arch Dermat & Syph 30 227-240 (Aug) 1934 
Banks, B M Is There a Common Denominator m 
Scleroderma, Dermatomyositis, Disseminated Lupus 
Erythematosus, the Libman-Sacks Syndrome and Poly- 
arteritis Nodosa? New England J Med 225 433-444 
(Sept 18) 1941 O’Leary and Waisman Keil^^* 
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12 Milhorat, A T , Weber, F C , and Toscani, V 
l^Ietabohc Studies in Dermatomyositis with a Note an 
the Effect of Wheat Germ, Proc Soc Evper Biol & 
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tieatnient with neoarsphenamine and inhalations 
of oxygen 

REPORT OF CASES 

Case 1 — H H , a 59 year old white farmer, was 
well until eight years prior to admission to the hos- 
pital, when there was a gradual onset of generalized 
weakness, stiffness and soreness of the muscles Soon 
afterward there appeared dyspnea on exertion, anorexia 
and slight dysphagia During the prolonged illness 
his weight fell from 220 to 120 pounds (99 to 54 
Kg ) Four years before admission the patient began 
to hare recurrent attacks of symmetric discoloration 
and pain of the fingers, hands and lower part of the 
forearms after exposure to cold air One year later, 
after a severe attack of “influenza,” a chronic productive 
cough developed In the four year period prior to 

admission to the hospital the patient was followed 
irregularly m the outpatient clinic, where it was felt 
that the majority of his complaints w^ere psychogenic ' 
In March 1939 he was found to have a scaly papular 



Fig 1 (case 1) — Muscular atrophy and areas of pig- 
mentation o\er the spine are apparent 


reddened eruption over the face, trunk and scrotum 
Because of progressive weakness and fatigue, the patient 
was admitted to the hospital on July 17, 1941 The 
past history and family history were not contributory 

Physical Examination — This revealed an emaciated 
white man The skin of the face and of the distal 
portions of the extiemities was thickened and adherent 
to underlying structures Over the lower part of the 
lumbar region of the spine and the gluteal region the 
skin was thickened and exhibited a bluish brown dis- 
coloration The scrotum showed splotchy brown pig- 
mented areas Numerous telangiectases were present 
on the face Muscular atrophy, while generalized, was 
most striking in the sternomastoid muscles and the 
muscles of the shoulder and pelvic girdles The mus- 
culature of the proximal portions of the extremities was 
more atrophic than that of the distal portions The 
muscles were flabby and presented diffuse moderate 
tenderness The chest was emphysematous Moist rales 
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were present at the base of each lung The heart was 
within normal limits The blood pressure was not ele- 
vated The liver was slightly enlarged There were 
cyanosis and early clubbing of the nail beds Slight 
brawny pitting edema was present over the ankles 

' Laboratory Studies — There was no anemia The 
total leukocyte count was 10,600 per cubic millimeter, 
with a differential count of 71 per cent neutrophils, 6 
per cent eosinophils, 17 per cent lymphocytes and 6 per 
cent monocytes Examinations of the urine and stools 
showed them to be normal The total serum protein 
amounted to 8 Gm per hundred cubic centimeters, with 
albumin 3 7 Gm and globulin 4 3 Gm Roentgenograms 
of the sinuses, chest and long bones showed no abnor- 
mality Fluoroscopic examination of the chest showed 
diminished excursion of the diaphragm and poor ex- 
pansion of the thoracic cage An electrocardiogram 
showed deviation of the axis to the right with a normal 
sinus rhythm The basal metabolic rate was -f 3 per 
cent 

Biopsy — A section of skin showed atrophy of the 
epidermis and slight perivascular lymphocytic infiltra- 
tion of the corium A biopsy of the gastrocnemius 
muscle showed a pronounced focal inciease in the 
muscle nuclei , degenerating muscle fibers, some of which 
were undergoing phagocytosis , focal increase in inter- 
stitial tissue , moderate infiltration of inflammatory cells 
into the interstitial substance, occasional multinucleated 
cells, and focal collections of brown pigment granules 
in the interstitial connective tissue 

Course in the Hospital — The patient was observed 
for fifteen days During this time the temperature and 
pulse remained normal Therapy consisted of frequent 
warm baths and oral administration of potassium iodide, 
acetylsahcyhc acid and 40 mg of alpha tocopherol daily 
The vital capacity was slightly reduced The venous 
pressure and the circulation time were normal The 
patient was digitalized, without improvement At the 
time of his discharge his condition was unchanged 

One month later he reentered the hospital for a period 
of SIX weeks Because of anorexia, increased weakness 
and persistent abdominal fulness, he had remained in 
bed during the intervening period On examination 
there was little changfe, except for severe bradycardia 
and an irregular cardiac rhythm An electrocardiogram 
showed auricular fibrillation Digitalis was omitted 
, Ouinidine was given, and after a short period of regular 
ihythm auricular flutter with varying degrees of heart 
block supervened and persisted The venous pressure 
was now slightly elevated, measuring 130 mm of saline 
solution, and the circulation time (determined with 
paraldehyde and sodium cyanide) was prolonged The 
vital capacity was unchanged The total serum protein 
was now 10 42 Gm per hundred cubic centimeters, with 
albumin 4 85 Gm and globulin 5 57 Gm Tests of 
hepatic function showed no impairment Roentgeno- 
grams of the gastrointestinal tract were normal 

The patient remained afebrile throughout this period 
After administration of digitalis was discontinued the 
pulse rate became normal The muscular complaints 
persisted, and dyspnea was a prominent feature There 
was little S3'^mptomatic improvement 

For several months following discharge the patient 
- continued to take alpha tocopherol without benefit Six 
months later he appeared slightly improved He had 
gained 15 pounds (6 75 Kg ) in weight He still com- 
plained of severe dyspnea and a productive cough For 
four months he had been taking large amounts of 
1 itamin concentrates The development of telangiectases 
on the palmar aspects of the hands was noted An 


electrocardiogram still showed deviation of the axis to 
the right and auricular flutter wnth variable block 
Case 2 — B , a 56 year old white carpenter, entered 
the hospital on Oct 27, 1941 Since 1928 the patient 
had been followed in the outpatient clinic of this hos- 
pital for numerous complaints, and various diagnoses 
had included chronic sinusitis, chronic bronchitis, emphy- 
sema and arteriosclerotic heart disease The earliest 
complaint referable to the present illness occurred in 
February 1941, when there was intermittent periorbital 
edema for several weeks In March 1941 the patient 
had “influenza” with chills, fever, malaise and a sore 
throat, accompanied by generalized pains and stiffness 
of the muscles The chronic cough which had been 



Fig 2 (case 2) — Muscular atroph}-^ and pigmentation 
are present 


present for years became more severe and productive of 
as much as 16 ounces (480 cc ) of sputum daily The 
acute febrile illness w'as of short duration Ihe mus- 
cular stiffness and soreness persisted, especially in the 
lower part of the back, legs and shoulders He began 
to have cramps in the muscles, particularh at night, and 
also noticed occasional coarse twitching of the muscles 
There w^as progressive loss of strength and of muscle 
substance, mainly in the buttocks and trunk In May 
1941 he first noted that after exposure to cold his hands 
became blue and painful Shortly afterward he noted 
that cuts on the face and hands bled less profusely than 
formerly This w'as followed by intermittent hoarseness, 
occasional double vision and difficulty in swallowing with 
occasional regurgitation of solid food D^spnea was 



274 


ARCHIVES OF IN I ERNAL MEDICINE 


more severe with the present illness There was an 
intermittent low grade fever The weight fell from 156 
to 126 pounds (70 to 57 Kg) m the jear prior to 
admission 

Physical Examination — The patient was a poorly 
developed, emaciated man There was no abnormality 
of the head and neck The chest was emphysematous, 
with a low diaphragm The lungs were clear The 
heart w'as normal, and the blood pressure ^\as not 
elevated The peripheral vessels were sclerotic The 
edge of the liver w'as palpable 4 cm below the costal 
margin The spleen could not be felt The skin was 
not thickened, and there was no rash Although there 
was generalized muscular atroph^ , this was most marked 
in the pelvic and shoulder girdles, cahes and thighs 
Weakness was more pronounced in the proximal por- 
tions of the extremities There w is tenderness in the 
pectoral muscles, the trapezius muscles and the calf 
muscles 

Laboiatoiv Studies — There was no anemia The 
total leukocjtc count was not clciatcd, \arjing between 
5,900 and 7,900 per cubic millimeter The difTcrcnlial 
count showed 67 per cent neutrophils, 25 per cent 
l3unphoc3’tes and 8 per cent monoc3te5 The sedimenta- 
tion rate w’as not eleiated Examinations of the stools 
and urine re\caled nothing abnormal The total serum 
protein was 7 3 Gm per hundred cubic centimeters, with 
albumin 5 01 Gm and globulin 2 30 Gm The hippuric 
acid and bromsulphalem tests of hepatic function showed 
no iinpaiiment Roentgenograms of the chest show'cd 
increased bronchoaascular shadows at the bases of the 
lungs, and roentgenograms of the sinuses showed no 
abnormalit3 Bionchogranis were normal An electro- 
cardiogram was normal The basal metabolic rate was 
+ 1 per cent 

Biopsy of the Quadriceps Muscle and Oterlyma 
Shu — The skin sliow'cd a(roph3 of the epidermis and 
moderate lymphoc3tic infiltration into the pernascular 
connective tissue of the corniin The muscle showed a 
great inciease in nuclei, degenerating muscle fibers 
undergoing phagoc3tosis and slight focal increase in 
connective tissue, which was infiltrated with moderate 
numbers of bmphocytes and histioc3tes The inflam- 
matory reaction w'as most pronounced about the \esscls 

Couisc 111 the Hospital — The first admission was foi 
se\enteen days During this time the temperature and 
pulse rate w'ere not elevated No specific treatment 
was employed Postural drainage w'as without effect 
The patient was discharged Nov 13, 1941, without 
evident improvement 

After his discharge the productnc cough coiitiiuied 
and de spnea increased He noted progressu e w eak- 
ness ot the forearms and hands, and the inusculai 
stiffness, cramps and twutching persisted to such a 
degree that he w’as unable to work 

On Feb 23, 1942 he reentered the hospital for a 
period of ten days There w'cre no additional significant 
physical findings The vital capacity was reduced, 
being 2 6 liters The circulation times (measured with 
paraldehyde and sodium cyanide) w'ere slightly pro- 
longed, although there w'as no elevation of the venous 
pressure Fluoroscopic examination of tlie chest showed 
poor excursion of the diaphragm and increased excursion 
of the thoracic cage The patient did not improve 
There w'as no fever Oral administration of alpha 
tocopherol (40 mg daily) and of acetylsalicyhc acid 
was instituted and continued after discharge from the 
hospital 

On April 18, six weeks after the second discharge, 
the patient reentered the hospital The muscular 
symptoms, weakness and productive cough had persisted 


There was fiequcnt periorbital edema, and difficulty ir 
swallowing was greater Three da3S prior to hr 
admission respirator3 distress became acute and obliged 
the patient to remain in bed Pams m the muscles 
became severe The patient now' appeared sciereb 
dyspneic and cvanotic Breathing was effected cntireb 
by the acccssor3 muscles of respiration Small punctate 
erythematous lesions were present on the palate There 
was a light brow n scaly exfoliation of skin of tlie 
anterior abdominal wall Muscular tenderness was 
generalized The lungs were clear, and the heart was 
normal 

The patient was placed in an 0x3 gen tent, where he 
rennincd for fne dais During this period there were 
daily rises of temperature to 102 F \ roentgenogram 
of the chest showed the lungs to be clear With the 
fcier there was no leukoc3 tosis, although the sedimen- 
tation rate w.is rapid Seieral injections of neostigmine 
metlnlsulfate administered soon after his admission had 
no appreciable effect on the rcspiraton paiabsis The 
jiatient slowb improied and was discharged thirteen 
dais after admission Bi this tune the rcspiraton 
dinicult3 had diminished 

Casi 3 — L D , a 65 icar old white man, entered the 
hospital on Noi 25, 1940 For two lears he had 
experienced di spnea on exertion and increasing 
fatigabiliti In Mai 1939 an enthematous rash had 
appeared on his face This was treated with roentgen 
thcrapi, after which it slowb disappeared At the 
same time he began to haic periorbital edema, par- 
ticuhrli in the mornings 'In Noi ember 1939 redness 
and swelling of the hands occurred, and these persisted 
In September 1940 redness of the skin 01 the elbows 
was noted For one 3 car prior to admission the patient 
had had 1 chronic productiie cough 

Physical Examination — The patient was well de- 
1 eloped and well nourished The skin of the face was 
thickened and reddened Fitting edema of the face was 
present Numerous telangiectases were present on the 
face, sealp, thorax and soft palate Tlie hands and 
wrists were swollen, with thickening and redness of 
the oicrhmg skin The chest was empln sematous 
Rales were heard at the bases of the lungs The heart 
was normal The blood pressure was not eleiated 
Ihc edge of the h\cr was felt 4 cm below the costal 
margin, and the spleen was not palpable No tender- 
ness or atroph3 of muscles was obseiied 


Laboratory Studies — ^There was a slight nornio-' 
ihronuc, normoeitic anemia, with hemoglobin 12 2 Gim 
)cr hundred cubic centimeters The total leukoc3te 
.omit was 5,000 per cubic millimeter, with a differential 
lount of 59 per cent neutrophils, 14 per cent hnipho- 
;vtcs, 26 per cent monocytes and 1 per cent eosino- 
ihils The corrected sedimentation rate was not e e- 
zated Examinations of urine and stools show’ed t lem 
;o be normal Roentgenograms of the long bones, spine, 
,kull and chest were normal The plasma protein was 
lormal Tests of renal and of hepatic function gaie 
lormal results 

Biopsy of Shu and Muscle— h section of skin 
ihowed slight perivascular lymphocytic 
he corivim A section of muscle showed . 

ind proliferative changes of the fibers, w'l i 
ncrease in interstitial tissue, occasional 
ind focal interstitial collections of l3'iiiphoc3 es 
ustiocytes 

Coin sc in the Hospital — During the ^ 

leriod of observation the tempeiature show'C r 
ises to 99 6 F (oral) The patient treated witn 
larenteral injections of liver extract There w 
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clinical improvement, and no definite diagnosis was 
made 

Subsequently there developed persistent stiffness and 
pain m the muscles, which were made worse by exercise 
Chronic hoarseness appeared Paresthesias occurred in 
the hands and feet The swelling of the face and 
hands subsided after six months Trophic ulcerations 
appeared on the knuckles No Raynaud phenomena 
were observed More telangiectases appeared on the 
skin The weakness, dyspnea and chronic cough con- 
tinued, however, the patient was subjectively improved 
after prolonged vacation 

On Nov 6, 1941, one year after the original admis- 
sion, the patient returned for examination He had 
lost 5 pounds (2 25 Kg) in weight during the year 
The skin of the hands and the lower part of the fore- 
arms was rough and thickened, with a brownish red 
discoloration A healing ulcer was present over an 
mterphalangeal joint The skin of the feet was 
erythematous and cool There was no edema The 
telangiectases, originally noted, persisted Rales were 
present at the base of each lung posteriorly The 
liver and spleen were not palpable There were atrophy 
and weakness of the musculature of the shoulder 
girdle No muscular tenderness was demonstrable 

The hemoglobin content and the total erythrocyte 
count were unchanged The total leukocyte count was 
5,200 per cubic millimeter, with a differential count of 
60 per cent neutrophils, 20 per cent lymphocytes, 15 
per cent monocytes and 5 per cent eosinophils The 
corrected sedimentation rate was moderately elevated 
A.n electrocardiogram was normal 

Case 4 — M B , a 35 year old white woman, a nurse, 
was seen in the hospital Jan 20, 1942 In September 
1938, following extraction of a tooth, an abscess de- 
veloped in the left side of the upper jaw, this con- 
tinued to drain for three months During this time 
she began to experience pains in the calves of her legs 
In January 1940 painful, indurated vesicular lesions 
appeared on the fingers and dorsal aspects of the hands , 
these persisted for several months There were repeated 
paronj-^chias The rash on the hands was followed by 
a painful red discoloration of ithe neck, which remained 
for three months and left a residual light brown pigmen- 
tation In August 1941 the extensor surfaces of the 
thighs were covered with a painful erythematous rash, 
which persisted for several months This was followed 
^by a symmetric erythema of the face and a scarlatmi- 
form eruption involving the shoulders, axillary folds 
and elbows This rash disappeared after several 
months, leaving a residual brownish discoloration and 
-flaky desquamation 

For one year prior to examination the patient’s face 
had been swollen, particularly in the mornings For 
SIX months she had observed that her hands and fore- 
arms became blue and painful following exposure to 
cold Intermittent painless swelling of the hands 
occurred A feeling of numbness was frequently present 
in the extremities There was dyspnea on exertion 
For two months there were severe pain, tenderness and 
stiffness of the muscles of the arms and shoulder 
girdle There were frequent nocturnal cramps of the 
quadriceps muscles, and fibrillary twitchings were noted 
m the muscles of the right thigh Recently the 
patient had become aware of thickening of the skin 
of the face and increased axillary sweating The 
appetite had remained good, and there had been no loss 
of weight For six weeks the patient had been taking 
large amounts of alpha tocopherol by mouth, uithout 
benefit except for a decrease in the numbness of the 
hands and feet 


The past history included an attack of pyelitis in 
1935 In September 1939 the patient had a spontaneous 
abortion of six weeks In September 1940 an eight 
month pregnancy terminated in a stillbirth During 
the past year the menstrual flow had diminished in 
amount 

Physical Examinahon — ^The patient was well de- 
veloped and well nourished There was light brown 
pigmentation of the skin of the cheeks, neck and 
anterior axillary folds The fingers showed fusiform 
swelling, and the overlying skin was shiny and atrophic 
and m places was adherent to underlying tissues There 
was a blotchy red discoloration of the hands, with focal 
areas of depigmentation A single trophic ulcer was 
present There was moderate periorbital edema The 
isthmus and the right lobe of the thyroid were diffusely 
enlarged The heart and lungs appeared normal 
Tenderness was marked in the muscles of the arms and 
was less severe in the muscles of the shoulder girdle 
and forearm There was no muscular atrophy 

Laboratory Studies — There was no anemia The 
total leukocyte count was 5,400 per cubic millimeter, 
with 46 per cent neutrophils, 46 per cent lymphocytes, 
6 pel cent monocytes and 2 per cent eosinophils The 
sedimentation rate was not elevated The urine was 
normal An electrocardiogram was within normal 
limits Fluoroscopic examination of the chest showed 
good excursion of the diaphragm The total serum 
protein was 7 19 Gm per hundred cubic centimeters, 
with albumin 4 33 Gm and globulin 2 86 Gm The 
basal metabolic rate was normal ( — 8 and 5 per cent) 

Case 5 — J J , a 51 year old white farmer, entered 
the hospital on Oct 6, 1941 Eight months previously 
he had a “cold” characterized by a sore throat, nasal 
discharge and vague muscular pains Ten days later 
his face, hands and ankles became swollen The 
swelling continued for six weeks and thereafter recurred 
intermittently Several months later he noticed pain 
and stiffness of the muscles of the extremities These 
were most severe m the mornings and were relieved by 
gentle exercise but aggravated by moderate or severe 
exertion One month before admission to the hos- 
pital he first noticed thickening and pigmentation of 
the skin of the extremities and later of the entire body 
There were a progressive loss of strength and a loss 
of 27 pounds (12 Kg) of weight during the present 
illness No Raynaud phenomena were noted 

Physical Eravwiatwn — The patient was poorly 
nourished and appeared chronically ill There was a 
uniform dusky brown pigmentation of the skin except for 
an area of bluish brown discoloration over the thoracic 
and lumbar regions of the spine There were splotchy 
areas of depigmentation of the face, forearms and 
hands The skin of the entire body was thickened 
and adherent to underlying structures Thickening 
was most pronounced in the face, distal portions of 
the extremities and scrotum There was moderate 
diffuse muscular atrophy but no demonstrable muscular 
tenderness Because of the thickened skin, motion of 
the fingers, wrists, elbows, ankles and knees was limited 
The remainder of the examination failed to show any- 
thing abnormal 

Laboratoiy Studies — There was no anemia The 
total leukocjte count was 16,600 per cubic millimeter, 
and subsequent determinations showed little change 
Differential counts showed an increase in neutrophils 
without any increase in monocytes or eosinophils The 
sedimentation rate of the blood was persistently de- 
lated Examinations of the urine and stools gave 
normal results Roentgenograms of the hands and 
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feet showed no abnoimahty, while one of the chest 
show'ed apical fihrosis Tlie serum cholesterol (during 
fasting) was 161 mg per bundled cubic centimeters 
The serum protein and the albumin and globulin were 
normal The basal metabolic rate was moderately 
elevated on three occasions (+25, +15 and +11 per 
cent) 

Biopsy of lilt Quadnccps MusAc and OvciJytng 
Skill — The skin showed extreme thickening and hjalini- 
zation of the corium, with perivascular lymphocytic 
infiltration The muscle showed a moderate increase 
m the number of nuclei and slight infiltration of the 
interstitial tissue w'lth lymphocytes and histiocytes A 
few' necrotic muscle fibers appeared to be undergoing 
phagocytosis 

Course m the Hospital — The patient was obscr\cd 
lor thiec weeks The temperature w'as freciuenth 
elevated to 100 F (oral), and the pulse rate \aried 
between 70 and 100 Vaiious therapeutic procedures 



Fig 3 (case 5) — Pigmentation may be seen o\cr the 
spine 


w'ere employed Warm baths and fever therapv w'lth 
typhoid vaccine w'ere ineffective Local application of 
methyl salicylate gave no relief An attempt to pro- 
duce cutaneous vasodilatation with intravenous ad- 
ministration of a saline solution containing 3 mg of 
histamine ga\e no response Likewise 1 Gm of nico- 
tinic acid given intiavenously had no effect on the 
cutaneous temperature There was no clinical impiove- 
inent At the time of discharge the patient was 
instructed to take 4 Gm of potassium iodide daily 
One month later his status was unchanged 

Case 6 — R W, a 52 year old white man, entered 
the hospital on March 29, 1942, complaining of dyspnea 
and muscular pains Five years previously he had an 
episode of severe substernal pain which persisted for 
five hours He w'as told then that he had hypertension 
Thereafter he had dyspnea on exertion, paroxysmal 
nocturnal dyspnea, a chronic productive cough and 
occasional precordial pain In 1940 he had an opera- 


tion for a strangulated abdominal hernia, and several 
months later, an operation for an inguinal hernia After 
the second operation and approximately eighteen months 
prior to his admission to the hospital, there w'as a 
gradual onset of muscular pains and stiffness, which 
weic more severe in the arms than in the legs Simul- 
taneously, a blotchy erythematous eruption appeared on 
the trunk Ihis rash never caused any discomfort and 
disappeared and recurred intermittently dunrg the next 
eighteen months The muscular stiffness and sore- 
ness persisted m the extremities and were relieved 
slightly by acetylsalicylic acid There were occasional 
paresthesias in the low'cr extremities and frequent 
nocturnal cramps in the muscles of the legs For at 
least one year there had been periorbital edema, 
particularly m the morning Hoarseness was a trouble- 
some sjmptom during the present illness There was 
no loss of w'eight 

P/ijttial E\aiiiiiiatwii — The patient was an obese, 
dj'spneic eldcrij man He had slight cvanosis of the 
nail beds 1 he retinal arteries showed sclerotic changes 
I lie chest was emphj sematous 1 here w'ere numerous 
moist rales o\er the low'er portion of each lung 
poslenoilj The heart was slightly enlarged and had 
a regular rlnlhni The blood pressure w'as 150 systolic 
and 105 diastolic The Iner and spleen were not en- 
larged There was no edema Tenderness to deep 
pressure was elicited o%er the trapezius muscles and 
the muscles of the upper parts of the arms, thighs and 
cahes There was no atrophy of muscles Neurologic 
examination gave negatne results 0\er tlie thorax 
there were sc\cral pink maculopapular lesions which 
measured 3 cm in diameter One similar lesion was 
present on tlie right elbow' 

Laboiatory Studies — The hemoglobin tontent w'as 
10 Gm pei hundred cubic centimeters The erythro- 
cyte count was 3,000,000 per cubic millimeter, and the 
total leukocyte count, 8,700, with a normal differential 
count The corrected sedimentation rate was elevated 
The urine was nornnl The total serum protein 
amounted to 9 70 Gm per hundred cubic centimeters, 
with albumin 2 91 Gm and globulin of 6 79 Gm The 
basal metabolic rate was + 17 per cent A roentgeno- 
gram showed slight enlargement of the heart and con- 
gestive changes at the bases of the lungs An electro- 
cardiogram showed small T waves in all leads and 
slurring of the QRS complexes in leads 2 and 3 

Biopiy of the Quadnccps Muscle and Ovci lying \ 
SI 111 — The skin showed atrophy of the epidermis with 
loss of appendages In the section of muscle there 
were characteristic proliferative and degenerative 
changes of the fibers, with collections of lymphocytes ' 
and histiocytes m the interstitial tissue, mainly about 
the vessels 

Com sc in the Hospital —The patient was digitalized 
and given salicylates The dyspnea diminished, and 
the pulse rate became normal There was no fever 
He was discharged after nine days Several weeks later 
he W'as examined again There w'as a papulai pink 
rash on the trunk and extremities On the forearms 
the rash tended to form circinate lesions Muscular 
tenderness persisted 

Case 7 — W H , a 61 year old white farmer, was 
well until five weeks prior to his admission to the hos- -■ 
pital, when there was a sudden onset of severe aching 
pain in the back of the neck and mild sore throat 
Within a few hours pains occurred in tlie shoulders, 
upper extremities and abdomen and to a lesser extent 
in the lower extremities The patient was obliged to 
go to bed, where he remained In the muscles and 
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joints theie were constant pain and stiffness, which 
were w'orse in the morning There w^ere intermittent 
swelling and redness of the fingers and toes The 
sore throat persisted Five days before admission, 
chills, fever and sweats developed Throughout the 
entire five week period there w'as anorexia, and the 
patient lost 20 pounds (9 Kg) in weight No rash 
was observed The patient experienced slight hoarse- 
ness and dysphagia and attributed these symptoms t< 
his sore throat 

Ten years prior to admission the patient had measles 
follow^ed by a mild chronic cough During this period 
there were also occasional asthmatic attacks, particularly 
during the summer 

Physical Examination — The patient appeared poorly 
developed and poorly nourished and chronically ill 
The teeth were carious The pharynx was slightly 
injected Examination of the heart and lungs revealed 
nothing remarkable The edge of the liver was felt 
5 cm below the costal margin The spleen was not 
palpable There were slight atrophy of the muscles 
of the extiemities and generalized exquisite musculai 
tenderness The joints were not swollen, however, 
pressure over the joints of the shoulder and wrist 
elicited tenderness 

Laboiatory Studies — ^There w’as no anemia The 
total leukocyte count was 10,000 per cubic millimeter, 
with a normal differential count The corrected 
sedimentation rate was elevated, being 34 and 42 mm 
per hour on two determinations A roentgenogram of 
the right shoulder joint showed no abnormality, and 
one of the spine showed hypertrophic arthritis in the 
cervical region In the initial electrocardiogram there 
was an intermittent sinoauricular block Subsequent 
tracings show'ed normal sinus rhythm The blood uric 
acid was 2 6 mg per hundred cubic centimeters 
Cultures of material from the throat did not yield patho- 
genic organisms The patient’s serum did not ag- 
glutinate Brucella abortus organisms The total protein 
and the album-globulin ratio were normal The basal 
metabolic rate was — 2 per cent 

Biopsy of the Deltoid Muscle — There were a pro- 
nounced increase of muscle nuclei and a moderate 
inflammatory response in the interstitial connective 
tissue Many muscle fibers showed degenerative 
changes 

Course in the Hospital — The patient w'as observed 
for eleven days On the first and the second day the 
teipperature rose to 996 F, and thereafter it remained 
normal The pulse rate was not elevated Determina- 
tions of the vital capacity, venous pressure and circu- 
lation times (sodium cyanide and paraldehyde) re- 
vealed normal values On the tliird day salicylate 
therapy w'as begun, and this resulted in great improve- 
ment The patient became ambulatorj’- wuthin a week 
Iiluscular stiffness and tenderness persisted but w'ere 
less severe 

When examined one month later, the patient still 
complained of muscular stiffness and slight tender- 
ness of the muscles, but tliere was no swelling or 
tenderness of the joints He had gained 10 pounds 
(4 5 Kg ) in weight 

C \SE 8 — M C , a 32 year old white woman, entered 
the hospital on May 1, 1942 In December 1940 she 
first noticed \ague pains in muscles and joints In 
March 1941, after extraction of manj teeth, she had 
fever, with a temperature of 102 F , slight dj spnea, 
orthopnea and edema The edema began m the lower 
extremities and slowly spread to imohe the trunk and 
uppei extremities but did not affect the face There 


were no urinary complaints At this time her local 
physician found fever, edema, an apical systolic murmur 
and tenderness of joints He made a diagnosis of 
acute rheumatic fever and treated the patient with 
salicylates and digitalis m addition to rest in bed The 
edema, dyspnea and orthopnea subsided withm six 
weeks At this time the patient began to have frequent 
frontal headaches and severe pains in the muscles of 
the left arm and forearm and in the left shoulder and 
elbow joints The pains were made worse by motion, 
and the patient remained m bed She continued to have 
an intermittent slight fevei , weakness and malaise 
There was occasional edema of the hands No sw^elling 
of the joints was observed A painless erythematous 
papular lash occuired intermittently about the mouth 
The appetite remained good, and the patient gamed 
10 pounds (4 5 Kg ) m w'eight during the present 
illness 

Physical Examination — The patient appealed well 
developed and well nourished The heart was not en- 
larged A lough basal and a soft apical systolic 
murmur were present The liver and spleen w'ere not 
enlarged A few small red papular lesions were piesent 
about the mouth Pam was produced by pressure ovei 
the left shoulder joint There was muscular tender- 
ness over the left arm and forearm, over the upper 
portion of the left leg and to a lesser extent in the 
left pectoral region These pains were increased by 
motion There was no limitation of motion and no 
swelling of the joints The hands and feet showed 
slight puffiness 

Laboiatoiy Studies — On the patient’s admission the 
hemoglobin content w^as 12 3 Gm per hundred cubic 
centimeters and the total erythrocyte count 4,460,000 
per cubic millimeter and the total leukocyte count 
12,250 Differential leukocyte counts w'ere not remark- 
able The sedimentation rate was not elevated Exam- 
ination of the urine and stools showed them to be 
normal The total serum protein and the albumin- 
globulin ratio were normal An electrocardiogram 
showed no abnormality A roentgenogram of the chest 
W'as normal, as were films of the left knee and the 
adjacent long bones Culture of mateiial from the 
throat showed no pathogenic organisms Cultures of 
the urine and blood were sterile Agglutination tests 
of the patient’s serum with Br abortus and Pasteurella 
tularensis gave negative results 

Biopsy of the Deltoid Muscle — The muscle showed 
a moderate increase in sarcolemmal nuclei and a mod- 
el ate inflammatory reaction in the interstitial connec- 
tive tissue Phagocytosis of fibers w'as not observed 

Coujse in the Hospital — During the two week period 
of hospitalization the muscular pains peisisted, although 
they varied m location and severity On several occa- 
sions during the first week there w'ere i ises in tem- 
perature to from 99 6 to 100 F, and the pulse rate 
varied between 90 and 110 Thereafter the pulse rate 
and the temperature were normal Determinations of 
the venous pressure, circulation time and vital capacity 
revealed them to be within normal limits Digitalis 
was discontinued Large amounts of salicylates did 
not relieve the muscular pains The frontal headaches 
persisted The patient was encouraged to become 
ambulatory It was observed that walking short dis- 
tances fatigued her but did not cause dyspnea At the 
time of discharge she was instructed to take frequent 
warm baths and 30 mg of alpha tocopherol (orally) 
daib Her weight fell from 134^ to 125^ pounds 
(60 5 to 56 5 Kg ) while she w'as in the hospital 

One month after discharge the patient was examined 
again At this time her muscular pains and exertional 
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dyspnea persisted and there was a loss of 8 pounds 
(3 6 Kg) of weight There was definite periorbital 
edema Additional laboratory studies showed no change 

Case 9 — L S, a 44 year old white farmer, was 
first seen in the outpatient clinic of the hospital in 
September 1938 At that time he complained of chronic 
headaches and postnasal discharge The diagnosis of 
sinusitis was confirmed by roentgenograms Follow- 
ing treatment the sinusitis appeared to be relieved but 
the headaches were not affected A psychiatric con- 
sultant was of the opinion that the patient had a 
schizoid personality and that the headaches were func- 
tional The patient was not seen again until April 9, 
1942, when he entered the hospital complaining of pains 
in muscles and joints of five months’ duration In 
November 1941 a dull aching pain appeared in the right 
shoulder and extended down the light arm This pain, 
which was aggravated by motion, subsided within sev- 
eral weeks, and similar pain developed in the left arm 
Within a month incapacitating stiffness and soreness 
involved the entire skeletal muscuhture In March 
1942 the patient first noticed that hts hands and feet 
would become blue and painful after thtj were exposed 
to cold At the same time thcic occurred edema of 
the hands, wrists, feet and ankles, and this was present 
intermittently thereafter In addition, there were pains 
m the joints of the shoulders, wrists and toes There 
was no appreciable loss of weight or strength 

Physical Examination — The patient was well de\ el- 
oped, well nourished and muscular The skin was 
clear The retinal arteries weic slightly sclerotic The 
heart and lungs were normal Muscular tenderness to 
pressure was present over the right pectoral region, 
the posterior axillary folds and the trapezius muscles 
There were no other abnormal physical findings 

Laboratory Studies — There was no anemia The 
total leukocyte count was 4,700 per cubic millimeter, 
with a normal differential count Examination of the 
urine gave normal results The sedimentation rate was 
slightly elevated on two of three determinations An 
electrocardiogram was normal Roentgenogi ams of the 
hands showed no abnormalities The basal metabolic 
rate was normal The total serum protein amounted 
to 7 84 Gm per hundred cubic centimeters, with albumin 
406 Gm A biopsy of the deltoid muscle showed no 
abnormality 

Course in the Hospital — -In the ten day period during 
which the patient w'as observed, the pulse and tempera- 
ture remained normal The stiffness, soreness and ten- 
derness of muscles persisted and were not relieved by 
acetylsalicylic acid While in the hospital the patient 
lost 7j4 pounds (3 4 Kg ) in weight 

The patient reentered the hospital two months after 
the first admission He had continued to have severe 
persistent muscular pains, which interfered with sleep 
There was a loss of 20 pounds (9 Kg ) of w'eight 
The complaints were otherwise unchanged 

On examination diffuse muscular tenderness was 
noted The patient was unable to abduct his arms to 
a horizontal position because of w'eakness and pain 
There was definite atrophy of the musculature of the 
shoulder girdle and upper parts of the arms The 
laboratory findings showed no appreciable change 

Biopsy of the Qnaduceps Muscle — In contrast to the 
previous section of deltoid muscle, this section showed 
pronounced changes There were extensive sarcolem- 
mal nuclear proliferation and extensive but variable 
degenerative changes in the muscle fibers There was 
a moderate inflammatory reaction in the interstitial 


The patient remained in the hospital several w'eeks 
and was not improved by artificial fever therapy induced 
by typhoid vaccine, by frequent hot baths or by oral 
administration of 40 mg of alpha toCopherol daily 

COMMENT 

There are certain interesting features in the 
cases of this small senes of patients, 7 male and 
2 female Their ages ranged from 32 to 61 
years A febrile illness initiated the earliest 
symptoms m 2 cases, and in 2 the earliest symp- 
toms followed iccent dental extractions The 
duration of the illness prior to establishment of 
the diagnosis varied from five weeks to eight 
years Only foi 1 patient (case 4) was the diag- 
nosis of dermatomyositis made prior to admission 
to the hospital 

Cutaneous manifestations occurred in 7 of the 
9 cases In 5 instances theie was an erythema- 
tous rash, which vaiied m extent, location and 
duration In 4 cases there w ere sclerodermatous 
changes, which were diffuse in 1 case and in the 
otheis localized to the extremities oi to the face 
and extiemities Focal blue-brown pigmented 
areas were picsent ovei the spine in 2 cases 
Hyperhidrosis was noted in 1 instance Trophic 
ulcers of the hands w'ere noted m 2 patients with 
scleiodeimatous changes Telangiectases were 
piommcnt m 2 cases One patient exhibited 
punctate civthematous lesions of the soft palate, 
and a second had numeious telangiectases on the 
palate Edema, wdiich most commonly occurred 
m the pcrioibital legion, w'as piesent m every 
case 

Evidence of involvement of muscles was a con- 
stant finding Every patient complained of 
muscular stiffness which was pronounced in the 
moimng and was usually lelieved by gentle 
exercise and made worse by piolonged oi severe 
exertion Subjective muscular weakness was 
absent in only 1 case Three patients complained 
of muscular cramps which tended to be more 
severe at night Thiee patients noticed spontane- 
ous twitching of then muscles Palpation of the 
muscles, paiticulaily of the shoulder girdle group, 
elicited tenderness in every case except 1 
(case 3) The consistence of the muscles was 
normal or reduced In 6 patients there was 
demonstiable muscle atiophy, which affected 
most often the musculature of the shoulders and 
of the pelvic girdle Involvement of nonskeletal 
striated muscle was less frequent Hoarseness 
occurred m 4 instances, dysphagia in 2 and 
diplopia m 1 Six patients complained of 
dyspnea In several instances other factors, such 
as emphysema and cardiac failure, may have 
produced this symptom Fluoroscopic evidence 
of impairment of the motion of the diaphiagm 
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was noted in 2 cases Two patients had caidiac 
arrhythmias, which might be considered inci- 
dental findings oi evidence of cardiac involve- 
ment 111 this disorder In a third instance 
(case 6) evidence of myocaidial disease preceded 
any symptoms referable to deimatomyositis 
A history of Raynaud phenomena was elicited 
m 4 cases In 2 of these the patients had sclero- 
deimatous changes of the hands In a fifth case, 
m which the patient had diffuse scleroderma 
(case 5), there was no history of Raynaud 
phenomena yet they weie leadily demonstiated 
by temperatuie experiments 

Fever, usually slight, was piesent in 5 of the 
cases during the illness Loss of weight was 
piesent ■'111 7 cases and varied fioiii 10 to 100 
pounds (4 5 to 45 Kg) Thiee patients had a 
chronic productive cough, ivhich might have been 
secondary to distuibance of the respiratory 
muscles m 2 of them Three patients complained 


with the hemoglobin content varying from 
10 to 12 Gm pel bundled cubic centimeters In 
7 of the 9 cases the leukocyte count was within 
normal limits, while in 2 cases it was elevated 
on repeated deteiminations In the differential 
counts 5 pel cent and 6 per cent eosinophils 
lespectively weie noted in 2 cases on single 
determinations, but in subsequent diffeiential 
counts eosinophils weie less numerous In the 
remaining cases there was no eosinophiha In 3 
cases there weie 8 per cent or more monocytes, 
and in 1 of these the monocyte count varied 
between 15 and 26 pei cent A model ate inciease 
in the sedimentation i ate was obsei ved in 5 cases 
Repeated examinations of urine and stools 
showed no abnoimahty in any case 

In every instance the plasma nonprotem 
nitrogen was normal Determinations of the 
serum calcium, phosphorus and phosphatase 
showed them to be noimal in every case Blood 
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For creatine and creatinine, average values 


of paiesthesias There was slight to moderate 
enlaigement of the liver in 4 cases Three 
patients had arthritic pains without localized 
swelling of the joints 

Retinal changes, splenomegaly, enlargement of 
lymph nodes, seious effusions, hemorrhagic dis- 
01 dels and neuiologic distuibances were not 
obsei ved in this senes 

Therapy in these 9 eases met with little 
success Oial administration of salicylates gave 
symptomatic relief m only 1 instance Frequent 
hot baths gave temporar)- relief Alpha toco- 
pheiol given orally in doses of 40 mg daily was 
employed for peiiods of one to several months 
in 5 cases without significant lelief Fever ther- 
apy with typhoid vaccine gave slight improve- 
ment in 1 case but not in 2 others Othei 
measures were ineffective 

Few abnormal laboratory findings weie present 
in this senes In 4 of the 9 cases theie was a 
model ate noimocytic, noimochromic anemia. 


sugai values (fasting) vaned between 76 and 
108 mg pel hundred cubic centimeteis Two 
patients exhibited slight elevations of the basal 
metabolic rate, with repeated determinations 
showing values between plus 10 and plus 25 per 
cent, while the rates of the remaining 7 .patients 
weie noimal The serum cholesterol was noimal 
in the 5 cases in which it was determined, as was 
the seium chloride in the 3 cases in which it was 
detei mined The Kahn reaction of the blood w^as 
negative in every instance In 2 of the 9 cases 
the plasma protein was in excess of 8 Gm per 
hundred cubic centimeters The hyperpiotein- 
emia resulted fiom an increase m the globulin 
fraction In a third case a slight decrease m the 
seium albumin together wnth a rise m the serum 
globulin resulted in a leversal of the albumin- 
globulin ratio Examination of the spinal fluid, 
which w^as performed in 4 cases, showed no 
abnormality Roentgenograms of the hands and 
feet and of the adjacent long bones show'ed no 
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abnoimahty in the 6 patients who had these 
studies 

Anemia and significant leukocytosis oi 
leukopenia are unusual in dermatomvositis 
A relative inciease in the numbci of monocytes 
was present in approximately 50 pei cent of a 
large series of cases leportcd by Schuermann/'' 
while in 45 per cent there was a significant 
eosinophiha The sedimentation late of the blood 
IS fi equently increased, especially during an acute 
exacerbation^^ Albuminuria ^^as piesent in 14 
of the 40 cases of O’Leary and \Yaisman,^‘' and 
in a small numbei of these the uiinaiy sediment 
contained erythiocytes and casts The basal 
metabolic rate usually has been found noi mal but 
may be elevated Changes m the plasma pro- 
teins are infrequent O’Leaiy and Waisinan'" 
noted that m 2 of 4 cases the sei um pi otem \\ as 
1 educed without change in the albumm-globulin 
ratio In several instances ’ ' cases have occurred 
m which the concentration of serum piotems 
has been noimal or reduced and theie has been 
revel sal or a tendency to icieisal of the albumm- 
globulm latio In a case of poikilodeiinato- 
myositis, Horn^’’ found hypeiprotememia due 
to an increase m the globulin fraction The 
studies of blood calcium and phosphorus usually 
have shown no abnormality, although the serum 
calcium was low m a case described by Richter 
Osteoporosis has been obseived Other labora- 
tory findings usuall} have been noimal Milhoiat 
and his co-workers noted a disturbance m the 
latio of urinary calcium to fecal calcium in 
del matomyositis 

Determinations of cieatme and cicatmme m 
twenty-four houi specimens of uime weie made 
in 8 of the 9 cases Multiple determinations 
were made m 5 cases In eveiy instance theie 
was spontaneous creatmui la, the amount varying 
from 53 to 633 mg per twenty-foui hours The 
percentage of creatine to total cieatmme (pre- 
formed creatinine and cieatme) vaiied fiom 
10 to 65 per cent, with an average of 31 per cent 
The amount of preformed creatinine was reduced 
in every case The creatinine coefficient (numbei 

13 O’Leary and Waisman i" Schuerinann 

14 Lane, C W Dermatomyositis, South M J 31 
287-294 (March) 1938 Kinney and Maher ic ICeil 

15 Horn, R C , Jr Poikilodermatomyositis Report 
01 Case with Complete Postmortem Examination, Arch 
Dermat & Syph 44 1086-1097 (Dec) 1941 

16 Richter, R Exfoliative geiieralisierte Erythro- 
dermie bei Dermatomyositis, Dermat Wchnschr 111 
710-712 (Aug 17) 1940 

17 (o) Griffiths, W J Biochemical Aspects of Der- 
matomyositis, Bnt J Dermat 52 295-304 (Oct) 1940 
(b) Kinney and Maher (c) Milhorat, Weber and 
Toscani i- 


of rmlhgiams of creatinine excreted m t\\cnt\- 
foui hours pet kilogram of body weight) was 
1 educed in all the male patients, being below 18 
(noimal lange is 18 to 32) , it was wuthm noimal 
limits m 1 female patient (15 5) and reduced 
m the other (5 [normal for females 9 to 26]) 

The deteimmations of creatine and creatinine 
foi these patients w'ere carried out while the 
patients w'eie on diets containing 60 to 80 Gm 
of protein daily Bodansky and his co-w orkei s 
m a case of “generalized myositis fibrosa” found 
the degree of cieatinuria with an ordmar} diet 
to he identical with that noted wuth a creatine- 
free diet, although a high pi otem diet increased 
the amount of urinary cieatme This same 
obseivation was made bv one of us m a case of 
dci matomyositis which w^as studied clsewdiere 
and IS not included in this group Health} 
w’omcn, particular!} during the menstrual period 
ma} excrete considei able amounts of creatine , 
hence the finding of this substance m the urine ot 
women may not be abnormal Many observers 
have noted crcatmuria m dermatomyositis We 
lia\ c found no case mentioned m w Inch studies of 
creatine were made m which there was not 
crcatinuna The great daily variations m output 
of creatine and creatinine which occurred m our 
patients has also been observed by others In 
general, the degree of cieatimina increases with 
the activit} of the disease Milhorat and his 
co-wmrkers obserxed m 2 cases of derinato- 
myositis that administration of w'heat genn oil 
resulted m a decrease in iirinar} creatine and 
an increase m creatinine In 2 instances (cases 
1 and 9) prolonged administration of vitamin E 
had no significant effect on excretion of creatine 
and Cl eatmme In the other cases this effect w as 
not studied 

Ergogiaphic tracings of the combined action of 
fingei and foreaim muscles were obtained m all 
cases and revealed apparently normal types ot 
fatigue cuives but diminished muscular pow'ei 
The degree of loss of power varied wuth the 
severity of the case Dynamometer studies of the 
hand giip and of the ability of retraction of 
the shoulder muscles showed diminished powei 
when contrasted wuth that of other subjects of the 

18 Bodansky, M , Schwab, E H , and Brindley, P 
Creatine Metabolism in a Case of Generalized Myositis 
Fibrosa, J Biol Chem 85 307-325 (Dec) 1929 

19 Smith, 0 W Creatinine Excretion m Women 
Data Collected in the Course of Urinalysis for Female 
Sex Harniones, J Clm Endocrinol 2 1-15 (Jan ) 1942 

20 Dilger, M Stoffwechsehintersuchungen bei Der- 
matomyositis, Ztschr f Kmderh 58 564-573, 1936 
Steinitz, H , and Steinfeld, F Untersucliungen zum 
Kreatinstoffw'echsel bei Dermatomvositis, Ztschr f d 
ges exper Med 79 319-328, 1931 Griffiths 
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same age and sex Loss of sti eiigth of the shoul- 
dei muscles was more pioiiounced than that of 
the hand muscles m all cases 

In 5 cases electiical stimulation of multiple 
muscle motor points failed to show the reaction 
of degeneration In eveiy instance, howevei, the 
amount of cm rent necessaiy to produce conti ac- 
tions was 25 to 40 per cent greatei than that 
lequired for controls Somewhat similar obsei- 
vations have been made by others In 1 case 
(case 2), the muscle action cm lent m i espouse 
to single, paiied and multiple neive stimuli was 
studied with a cathode ray oscillogiaph b} 
Haivey according to the method of Harve)- and 
Maisland The muscle action cm rent showed 
1 educed voltage, but no othei abnoimahty could 
be found 

In 6 cases studies weie made of the caibo- 
hydiate metabolism In 3 of these the dextiose 
tolerance test (oral) and the insulin tolerance 
test wei e found to give noi mal i esults , m the 
other 3 these tests weie not done In all 6 cases 
the combined insulin and dextrose toleiance test 
as recommended by Himsworth was employed 
This pioceduie involves determination of simul- 
taneous arterial (capillary) and venous sugai 
levels thirty and sixty minutes after oral admin- 
istration of 50 Gm of dextiose and intravenous 
injection of 5 units of insulin Giiffiths found 
that 111 some cases of dermatomyositis theie was 
little diffeience between the arterial and the ve- 
nous sugar values, particularly at thirty minutes, 
111 contrast to i esults foi noinial persons, whose 
aiterial sugar values aie considerably gieatei 
than the venous levels This diminished aiteiio- 
venous difference in dermatomyositis was inter- 
pieted as resulting from impaired glycogenesis in 
muscles undei the influence of insulin How- 

21 Radermecker, M A Sur une forme chronique 
a evolution fatale de la dermatomyosite avec sclero- 
dermie, J beige de neurol et de psychiat 40 83-97 
(Feb ) 1940 Hendry, A W , and Anderson, T E 
Dermatomyositis, Lancet 1 80-82 (Jan 14) 1939 Shel- 
don, J H , Young, F , and Dyke, S C Acute Der- 
matomyositis Associated with Reticulo-Endotheliosis 
with a Note on Histological Findings, ibid 1 82-84 
(Jan 14) 1939 Karelit? and Welt-'^ Marcus and 
Weinstein 

22 Harvey, A M , and Maisland, R L Method 
for Study of Neuromuscular Transmission in Human 
Subjects, Bull Johns Hopkins Hosp 68 81-93 (Jan) 
1941 

23 Fraser, R W , Albiight, F, and Smith, P H 
Value of Glucose Tolerance Test, Insulin Tolerance 
Test, and Glucose Insulin Tolerance Test in Diagnosis 
of Endocrmologic Disorders of Glucose Metabolism, 
T Chn Endocrinol 1 297-306 (April) 1941 

24 Himsworth, H P Diabetes Mellitus Its Dii- 
ferentiation into Insuhn-Sensitive and Insulin-Insensi- 
tne Tipes, Lancet 1T27-130 (Jan 18) 1936 


evei , the 6 patients m oui sei les failed to exhiliit 
such a response In every case a consideiable 
arteriovenous difference was obtained We em- 
ployed this same test foi patients with peii- 
aiteiitis nodosa, amyotrophic lateial sclerosis, 
myasthenia gravis, thyrotoxicosis, piogiessive 
musculai atrophy and myotonia dystiophica 
All these had pathologic changes in the stiiated 
muscle, confiimed by biopsy Only a single 
patient, one with marked hypei tliyi oidism, had 
values which might indicate reduction of the 
ability of muscles to form glycogen 

Studies of cutaneous tempeiatuie weie made 
on 8 of the 9 patients Measui ements were made 
with a thermocouple which was sensitive to 
0 5 degree (0 9 F ) C The response of the index 
fingei to ovei cooling was abnormal m 5 of the 
cases Lewis has found that if a finger or a 
fingei and a portion of the hand aie immersed 
111 watei at 0 to 10 C for ten minutes vasodilata- 


Table 2 — Values foi Aiteiial and Venous Sugai 
Obtained m the Combined Insulin and 
Dextiose Tolerance Test 
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tion of the exposed skin occuis duimg the 
immei sion Aftei its withdrawal the finger 
lecovers its original temperature within tw^enty 
minutes and then rises 1 to 6 degrees C ( 1 8 to 
1 1 degrees F ) above its oi iginal tempei attire and 
above that of the nonimmersed fingei s This 
elevation persists for many minutes This is 
knowm as the leaction to overcooling and always 
occurs m normal subjects Rarely the immersed 
foieaim also shows the reaction to ovei cooling 
In cases of seveie Raynaud’s disease, with oi 
without diffuse sclei odei ma, Lewis observed that 
after immersion the chilled finger had a delated 
and often incomplete letuin to its initial tempei a- 

25 (a) Lewis, T E-vperiments Relating to the 
Peripheral Alechanism Involved in Spasmodic Arrest 
of the Circulation m the Fingers A Variety of Ray- 
naud’s Disease, Heart 15 7-101 (Aug) 1929 (b) 

Obseivations upon the Reactions of the Vessels of the 
Human Skin to Cold, ibid 15 177-208 (May) 1930 
(c) Lewis, T , and Landis, E, M Further Observa- 
tions upon a Variety of Raynaud’s Disease, with Spe- 
cial Reference to Arteriolar Defects and to Scleroderma, 
ibid 15 329-3o0 (July) 1931 (d) Lewis, T Supple- 

mentary Notes upon the Reactions of the Vessels of 
the Human Skin to Cold, ibid 15 351-358 (July) 1931 
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ture with the subject at oidinaiy lOom tempeia- 
ture Even in such cases the leaction to 
overcoohng occuried if the room tempeiature 
was sufficiently high (e g 30 C ) 

Eight patients and 10 normal contiols had one 
forearm and hand immeised in watei at 0 C foi 
three minutes Prior to the immeision the sub- 
jects weie allowed fifteen to thirty minutes to 
attain equilibiium with the loom temperature at 
which the obseivations w'eie made Dm mg this 
peiiod fiequent measuiements ot lemperatuie 
w'eie made at selected areas Xo measurements 
w'eie made wdnle the hand and forearm were 
immersed After wnthdraw’al, the foiearm and 
hand weie diied by gentle patting Beginning 
one minute after withdiawal, tempciatiue read- 
ings w'ere obtained at tw’’o minute intenals from 
the palmar suiface ot the index fingei, the 
doisum of the wuist and the flexor surface of the 
midpoition of the foieaim of both the cooled and 
the uncooled upper extremit) In the 10 control 
subjects and in the 8 patients w'lth dermato- 
mjositis, the temperature i espouse w’as identical 
except in the index finger ot the immersed 
extremity The recovery of the immersed wri'^t 
and foreaim was seldom complete in tw'enty to 
thirty minutes, and usually at the end of this 
period the temperatuie w'as several degrees below' 
the initial temperature In no instance did the 
temperature of the chilled wuist and forearm rise 
above the onginal temperature In the unim- 
mersed extremity, the tempeiatuie of the index 
finger fell 1 to 3 degi ees C ( 1 8 to 5 4 degi ees 
F ) aftei immeision of the other extiemity, and 
recovery w'as complete tw'o to seven minutes aftei 
withdrawal of the immeised extremity This 
w'as interpreted as increased vasomotoi tone 
initiated by the cold stimulus The ummineised 
wrist and foieaim show'ed no significant change 
in tempeiature 

In the 10 control subjects without vasculai 
disease, the index finger showed the chaiacter- 
istic 1 espouse to overcoohng The immeised 
index fingei leturned to its oiiginal tempeiature 
at an interval varjang from six to sixteen minutes 
after withdrawal from the bath Recovery was 
followed by a rise of the temperature of the index 
finger fiom 1 to 4 degrees C (1 8 to 7 2 degi ees 
F ) above the original temperature and above 
that of the nonimmersed index finger This rise 
persisted for ten minutes oi longer 

In 5 of the cases of dermatomyositis the index 
finger failed to leturn to its original temperature 
or to the temperature of the nonimmersed index 
finger withm twenty to thirty minutes (cases 
1, 2, 3, 5 and 7) In 1 instance (case 9) recovery 
was delayed, how'ever, the chai actenstic rise 


occuiied In 2 instances the lesponse was 
noimal One of the patients with a normal 
lecovery temperatuie response had Raynaud 
phenomena, w'hile 1 of the patients with delayed 
lecoveiy had no Raynaud phenomena 
The tempeiature studies on the contiols and 
on the patients with deimatomyositis were made 
at room temperatuie varying fiom 20 to 25 C 
During a given studj' the loom tempeiatuie did 
not vaiy moie than 1 degree C Subsequent 
studies on 2 noimal controls showed that the 
lecoveiy of the chilled index fingei was equalh 
lapid at loom tcmpeiatures of 20 and 25 C 
although the initial skin temperature w'as lowei 
at the cooler loom temperatuie The recoveu 
peiiod of the patient with diffuse scleroderma 
and Raynaud phenomena was much slow'd at 
20 (ban at 25 C We have also determined the 



I'lg -t — The tcmiieiaturc lecovcn response ot the 
index fingei aftei chilling in water at 0 C foi three 
minutes in 10 normal controls (shaded areas indicate 
lange of response) and 7 patients w'lth dermatomvositis 

1 espouse to overcoohng in 2 patients with ob- 
structive vasculai disease of the laige aiteiies 
of the uppei extiemities In both, the lecovery 
of the immeised index fingei w'as delajed and 
there w'as no use above the oiiginal tempeiatuie 
or above the tempeiatuie of the nonimmeised 
fingei s 

Space does not permit an adequate discussion 
of the technical difficulties in obtaining leliable 
leadings of skin temperature studies or in 
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inteipretmg them-® To us the observations in 
oui cases of dei matomyositis suggest that there 
was an impaiied flow of blood to the vessels of 
the skin of the flngeis in 5 instances 

In 2 instances (cases 1 and 5) the patient’s 
entile body was immeised m watei at 20 C for 
ten minutes The lOom temperature was 25 C 
In each instance the extremities showed severe 
c\anosis which peisisted foi thnty minutes after 
the bath The tiunk and the proximal portions 
ot the extiemities lecoveied befoie the distal 
paits The tempeiatuie of the skin of the flngeis 
did not return to the oiigmal level in thnty 
minutes after the bath The production of 
c\anosis at 20 C is in accoid with attacks in 
patients with Raynaud’s disease Lewis pio- 
duced typical Raynaud attacks in patients at 
tempeiatures of 15 to 20 C It is inteiesting 
that the patient in case 5 gave no history of 
Raynaud phenomena although objective evidence 
levealed the condition 

Biopsies of skin weie obtained in 4 cases, and 
sections of muscle weie obtained m all except 
1 case (case 4) All sections weie loutine sui- 
gical specimens which weie fixed in solution of 
formaldehyde, embedded in paiaffln and stained 
with hematoxylin and eosin No special stains 
weie emplo}ed The sections showed atrophy 
ot the epideimis and slight peiivasculai lympho- 
cytic infiltration m the coiium None of these 
sections was obtained fiom an aiea exhibiting a 
lash In case 5, in which clinically the patient 
exhibited diffuse scleiodeimatous changes, the 
coiium appealed densei than noimal and paitially 
hyahnized No \asculai lesions were obseived 

The 8 biopsy specimens of muscle showed 
consideiable histologic vaiiation In all theie 
w'eie demonstiable abnoimahties Degeneiative 
changes of the muscle fibeis, such as vacuolation, 
loss of stiiation, hyahnization, vaiiation in stain- 
ing, fragmentation and atrophy, weie obseived 
occasionally, howevei, we weie unable to be 
ceitam that many of these changes weie not 
aitefacts in oui sections The most constant 
alteiation was an inciease in muscle nuclei 
Usually the nucleai inciease was of the sai co- 
lemma type, that is, of the muscle cells lying 
beneath the sai colemma membiane In man)' 
aieas theie w'eie columns of nuclei which 
appealed to he in the central poitions of the 
longitudinally sectioned fibeis These nuclei 
w'eie elliptic oi loiind and w'eie laigei and con- 

26 Cobet, R Die Hauttempei atur des filensclien 
Eigebn d Ph 3 'siol 25 439-516, 1926 Weatherl}', J H 
Skin Tempeiature Changes Caused by Smoking and 
Other SMiipathomimetic Stimuli, Am Heart J 24 17- 
30 (Tuhj 1942 


tamed less chiomatin substance than usual 
Occasionally similai -appearing nuclei weie seen 
111 the cential poitions of transversely sectioned 
muscle fibeis In a few sections the sarcolemma 
nuclei showed degeneiative changes, such as 
pyknosis and kaiiyoiihexis Giant cells occa- 
sionally weie encounteied These consisted of 
laige numbeis of centially placed nuclei lying in 
a poorly defined cytoplasmic substance Phago- 
cytosis of fibeis bv mononuclear cells was ob- 
seived frequent!) The degiee of inflammatoiy 
1 espouse in the inteistitial tissue was vaiiable 
but usually slight The cells were predominantly 
histiocytes and l)mphocytes, although plasma 
cells and polymoi phonuclear leukocytes occa- 
sionally w'eie encounteied In 2 instances small 
amounts of brown pigment gianules weie ob- 
seived m the inteistitial tissue Peiivascular 
inflammatoiy cells weie present in eveiy section 
but usually w'ei e not numei ous In many sections 
theie was an apparent focal inciease in inteistitial 
tissue The small aiteiies and aiteiioles usually 
appealed noimal, although in a few instances 
theie was modeiate thickening of the media No 
vessel showed prolifei ative or necrotizing changes 
01 infiltiation of the wall with leukocytes 

In an effoit to deteimine the specificity of 
the histologic changes of dei matomyositis, we 
examined a numbei of suigical biopsy specimens 
fiom patients with othei conditions This gioup 
included 4 sections of noimal muscle lemoved 
dining suigical opeiations and sections of muscle 
fiom 1 patient with toiticolhs, 2 patients with 
lupus erythematosus disseminatus, 4 with acute 
iheumatic fever, 1 with acute glomeiulonephritis, 

1 with chronic glomerulonephiitis, 1 with malig- 
nant h)pertension, 1 with Volkmann’s contrac- 
ture, 3 w'lth peiiaiteiitis nodosa, 1 wntli 
thyiotoxicosis wnth maiked musculai atiophy 
and 1 w'lth myotonia dystrophica In mam of 
these sections theie weie appaient degenerative 
changes such as atiophy of the fibeis, vacuola- 
tion of the cytoplasm, loss of stiiation, fiagmenta- 
tion of the fibeis and I'aiiation in staining of 
the fibeis In addition, an appaient slight focal 
inciease in muscle nuclei w'as encountered fie- 
quently 

In the 3 specimens of muscle fiom patients 
w'lth peiiaiteiitis nodosa, chaiactei istic vascular 
lesions weie piesent In addition, in each 
instance theie weie extensive focal increase in 
muscle nuclei nucleai degenerative changes, 
phagocytosis of fibeis, inteistitial inflammatory 
changes and focal inciease in inteistitial connec- 
tive tissue In biopsy specimens from 1 of the 

2 patients with lupus erythematosus, 1 of the 4 
patients w ith acute rheumatic fei er and the 
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patient with myotonia dystrophica, the muscle There is general agreement that the histologic 
showed degenerative, prohfeiative and inteistitial changes in the skin in dermatomyositis are non- 
changes which were not distinguishable from the specific The usual alterations are ati ophy of 
changes m oui cases of dermatomyositis the epidermis, edema and perivascular infiltia- 



Fig 5 — Biopsy specimens of muscle 4, from case 1 , note the apparent phagocytosis of necrotic muscle 
fibei B, from case 2, note the nuclear proliferation and the slight interstitial inflammatory reaction C, fiom 
a case of disseminated lupus erythematosus, there are extensive proliferation of muscle nuclei and a slight 
interstitial inflammatory reaction D, from a case of myotonia dystrophica , note the muscle giant cells and 
the nuclear proliferation 
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tion of the conum with lymphocytes and plasma 
cells The vessels of the conum may be 
narrowed 

In the muscle similar pathologic changes have 
been reported by many observers The degree 
of involvement is variable Certain muscles or 
portions of muscle may not be involved , hence 
negative results of biopsy do not exclude this 
diagnosis This was observed in case 9 of oui 
series, m which the initial biopsy specimen 
showed no change while a second specimen 
showed the usual changes There may be 
hemorihage into the muscle The interstitial 
connective tissue may be edematous oi increased 
in amount A variable degi ee of infiltration with 
inflammatory cells, mainly lymphocytes, occurs 
in the interstitial tissue Occasionally lymphoid 
follicles (“lymphorrhages”) may be present 
The artel loles may appear normal Often they 
appear dilated The walls of the vessels may be 
thickened and ma)^ show extensive changes 
The muscle fibers show proliferative and degen- 
erative changes Muscle giant cells may occui 
and sai colemma nuclei may be inci eased De- 
generative changes in the muscles include edema 
of the fibers, loss of striation, fi agmentation, 
atiophy, necrosis with phagocytosis, and hyaline, 
granular, fibiinous and vacuolar degeneration 

These histologic changes m the muscle aie not 
specific foi dermatomyositis Similai muscle 
changes m muscles have been obseived m many 
other diseases, such as iheumatoid arthiitis,^” 
pneumonia,^” thyrotoxicosis and a vaiiety of 
other disorders 

27 von Meyenburg, H Die quergestreifte Musku- 
latiir, in Henke, F , and Lubarsch, O Handbuch der 
Spe7iellen pathologischen Anatomic und Histologic, 
Berlin, Julius Spnngei, 1929, vol 9, pt 1, pp 299-508 
O’Leary and Waisman’i Kinney and Alaher^'^ KeiP'i 
Keller 

28 KeilKi Keller 

29 Curtis, A C , and Pollard, H M Felty’s Syn- 
drome Its Several Features, Including Tissue Changes, 
Compared with Other Forms of Rheumatoid Aithritis, 
Ann Int Med 13 2265-2284 (June) 1940 

30 Forbus, W D Pathologic Changes in Volun- 
tary Muscle I Degeneration and Regeneration of the 


SUMMARY 

In 9 new cases of dermatonij^ositis m adults 
described m this repoit evidence of invohement 
of muscles was present m evety instance Fre- 
quently theie weie tenderness, w^eakness and 
atrophy of skeletal muscles Occasionally the 
so-called vital stnated muscles of deglutition and 
respiiation wTie affected In all instances biopsy 
specimens of skeletal muscles revealed certain 
histologic changes Evidence is presented to 
indicate that these microscopic lesions aie not 
specific foi this disoidet 

Involvement of the skin occuned in 7 of the 9 
cases In 2 instances the mucous membianes of 
the mouth w^eie affected In 1 case theie w^as 
diffuse scleiodeima, and m 2 others scleioderma- 
tous changes w^eie confined to the hands A 
history of Ra}naud phenomena w^as elicited foi 
4 patients 

Extensive laboiatoiy studies levealed no con- 
stant alinormalitv othei than spontaneous cieati- 
nuiia Caihohydiate metabolism, as indicated by 
several types of tests, w^as apparently normal 
Studies of the reaction to over cooling as shown 
by the cutaneous temper ature gave i esults typical 
of Raynaud’s syndiome m the 4 patients wnth a 
histoiy of this distuibance and in 1 additional 
patient without such a history 

The variabiliU of the manifestations in this 
series of cases w’as sufficient to aiouse doubt as 
to whether “deimatomyositis” is a single clinical 
entity A similar view is olitamed from reading 
previous reports of cases of this disorder In 
addition to clinical laboratory and pathologic 
data, it may be necessary to follow the course of 
the illness foi a prolonged period before the 
diagnosis ma} be established wnth ceitainty 

Di Dawson of the Pathology Department ot Van- 
derbilt Hospital, Dr King of the Physiolog}' Depart- 
ment, Dr Mason of the Biochemistry Department, 
and Di Youmans of the Depaitment of Medicine, gave 
suggestions and assistance m this study 

Department of Medicine, Vanderbilt Universiti 

Rectus Abdominis in Pneumonia, Arch Path 2 318- 
339 (Sept) 1926 

31 Dudgeon, L S , and Urquhart, A L Lymphor- 
rhages m Muscles in Exophthalmic Goitre, Brain 49 
182-186 (June) 1926 Freudenthal 
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In previous papeis^ \\e lia\e consideied the 
clinical and laborator}’’ featuies jnesented by 378 
cases of acute myocaidial infarction The excel- 
lent early discussions of the topic " so cin]ihasi7cd 
the clinical aspects that nnoc.udial infaiction 
should be, as Henry Chiistian dtsciibcd it “an 
easily diagnosable condition” In the gicat ma- 
jority of cases the diagnosis of acute infarction 
of the myocaidiuin can be made oi at least sus- 
pected, on clinical evidence alone Howevci the 
list of conditions consideied in the dirteiciitial 
diagnosis of acute infarctioiT is lengthy (Herrick 
has mentioned 28) We found that but 50 pei 
cent of oui patients weie admitted nith the diag- 
nosis of acute infarction and that in 20 pei cent 
of the cases the admission diagnosis contained 
no mention of the heait NNhatsoecei The clec- 
tiocaidiogiam theiefoie must play a majoi lolc 
in confirming the clinical diagnosis oi in levcal- 
mg the piesencc of an unsuspected mfaiction 
‘Vs part of oui study we decided to considet the 
value and accuiacy of the electiocaidiogiam in 
the diagnosis of acute myocaidial mfaiction 

MATERIAL AND SELECTION OF CASES 

During the period from Tan 1, 1929 to Dec 
31, 1941, 508 patients wcie dischaigcd fioin the hos- 
pital or died noth a final diagnosis of acute nnocardial 


1 Baer, S , and Frankel, H Studies in Acute 
Myocardial Infarction I The Clinical Picture, Ann 
Int Med 20 108 (Jan) 1944, II Laboratory Pro- 
cedures as Diagnostic Aids, ibid 20 115 (Jan) 1944 

2 (a) Herrick, J B Clinical Features of Sudden 

Obstruction of Coronary Arteries, JAMA 59 
2015 (Dec 7) 1912 (b) Levine, S A , and Tranter 

C L Infarction of Heait Simulating Acute Suigical 
Abdominal Conditions, Am J M Sc 155 57 (Jan ) 
1918 (c) Weain, J T Thiombosis of the Coionaiy 

Arteries, ibid 165 250 (Feb ) 1923 (d) Gardiner, 

H C Coronary Arterial Occlusion, ibid 168 181 

(Aug) 1924 (c) Christian, H A Caidiac Infarc- 

tion An Easily Diagnosable Condition, Am Heart J 
1 129 (Dec ) 1925 (/) Hamman, L Symptoms of 

Coronary Occlusion, Bull Johns Hopkins Hosp 38 
273 (April) 1926 

3 Herrick, J B On Mistaking Other Diseases 
for Coronary Thrombosis, J M Soc New Jersey 32 
590 (Oct) 1935 


infirction With tiic exccjition of 20 cases that we 
iclt had a tipical clinical pictutc diistorj, friction 
mb, etc), no case lortncd pait of this stiidi unless 
tlitic a\cic diagnostic electrocardiographic or necropsj 
changes The use ot chest leads was begun at Jewish 
Hospital shorih after tlieir recommendation In Wol- 
ferth and his associates ' Eacri case included on the 
basis of the electrocardiogram alone was renew cd bv 
the scnioi author No electrocardiogram was consid- 
iiid diagnostic unless it presented the changes rccom- 
ineiiiicd bs LcMiie, Wolferth and his co-w'orkers and 
K itr ■ With these diagnostic criteria, a number of 
eases of sudden death were eliminated because nceropss 
was not done Main cases o4 old intarction wcic not 
included because tlie electrocardiogram did not c\hil)it 
ehaiactcnstie cMdciiee ot a new infarction There re- 
mained for eoinidcration 378 cases 

Electioeaidiographic diagnoses were classified under 
the lollowmg headings (1) anterior intarction (2) 
postciior infarction, (.3) anteroposterior infarction (4) 
intarction present but location uncertain, (5) elcetro- 
cndiogram not diagnostic and (6) bundle branch block 
At neeiopsj the cases were dnided into instances of 
anteiioi, ot postciior and of anteroposterior infarction 

THE electrocardiogr \rinc di\gnosis 

One must be awaie of the possibilities and limi- 
tations of electiocarcbogiapha Abnormal elee- 
tiocaidiogianis haae lieen olitamed for human 
beings as eaily as one bom and as late as 
tw enty daj s after the acute attack Bai nes 
stiessed the fact that absence of diagnostic elee- 
tiocaidiogiapbic clianges is due to (1) failuie to 
lake sufficient tiacmgs, (2) the presence of mu!- 

4 (a) Wolferth, C C, and Wood, F C Elec- 
ti ocardiogi apbic Diagnosis of Coronary Occlusion b\ 
Chest Leads, Am J M Sc 183 30 (Jan ) 1932 (b) 
Wood, F C , Bellct, S , McMillan, T M , and Wol- 
fcrtli, C C Electiocardiograpbic Study of Coro^nt^ 
Occlusion, Ai ch Int ^led 52 /S2 (Nov) 193o 

5 Levine, S A Clinical Heart Disease, Phila- 
delphia, W B Saunders Company, 1936 

6 Wolferth, C C , and Wood, F C Acute Car- 
diac Infarction Imolvmg Anterior and Postenoi Sur- 
faces of the Left Ventricle, Arch Int Med 56 77 
(July) 1935 Footnote 4 

7 Katz, L N Electrocardiography, Philadelphia, 
Lea & Febigei, 1941 

8 Barnes, A R Electrocardiogram m Myocaidial 
Infarction, Arch Int Med 55 467 (March) 1935 
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tiple flesh infarctions, (3) the presence of bundle 
blanch block, (4) the presence of pericarditis 
and (5) a critically ill patient In a series of 34 
cases Fell, Cushing and Hardesty “ found the 
electrocai diogram diagnostic in 80 per cent 

Electrocardiograms were taken for 321 of oui 
patients (table 1) For all but 18, or 94 per 
cent, a diagnosis of acute myocardial infarction 
was made Of the 18 for whom this was not 
done, 13 had only one electrocardiogi am taken 
and 5 weie given a diagnosis of bundle bianch 
block We see no reason to disagree with 
Baines,® who stated that lepeated electrocai dio- 
giams should reveal the infarction in practically 
c\ery case 

One of the more controversial topics m this 
field has been the localization of the acute myo- 
cardial infarction Wood and his associates 
found anterior infai ction a bit moi e common than 


Table 1 — Location of Acute Infai ction by 
Electrocardiogi am 




Oases 

Deaths 



Percentage 


Per 


^umber of Total 

Number 

centage 

Anterior 

167 

52 

47 

28 

Posterior 

lOS 

34 

22 

20 

Anteroposterior 

7 

2 

2 

28 

Acute infarction, location 
uncertain 

21 

7 

6 

28 

Electrocardiogram not 
diagnostic 

13 

4 

9 

69 

Bundle branch block 

5 

1 

5 

100 


■ — 


— 

— 

Totals 

321 

100 

91 

28 


posteiioi, and Willius leported anterior infarc- 
tion m 56 3 per cent of his cases and posterioi in 
43 7 per cent Rosenbaum and Levine also 
found anterioi infarction more frequent In a 
necropsy study Bean repoited that 71 per cent 
of the infarcts weie located in the anterior and 
apical portions of the left ventiicle In contrast 
to these figuies, Barnes and Ball in unselected 
autopsy material found little difference m the 
occuiience of anteiioi and posterior infarction, 

9 Fell, H , Cushing, E A , and Hardesty, J T 
Accuracy in the Diagnosis of Myocardial Infarction, 
Am Heart J 15 721 (June) 1938 

10 Willius, F A Life Expectancy in Coronary 
Thrombosis, J A M A 106 189 (May '30) 1936 

1 1 Rosenbaum, F F , and Le\ me, S A Imme- 
diate Prognosis of Acute Myocardial Infarction, Arch 
Int Med 68 913 (Nov) 1941 

12 Bean, W B Infarction of Heart III Clinical 
Couise and Morphological Findings, Ann Int Med 
12 71 (July) 1938 

13 Barnes, A R , and Ball, R G The Incidence 
and Situation of Mjocardial Infarction in One Thou- 
sand Consccutne Post Llortem Examinations, Am J 

Sc 183 215 (Feb) 1932 


and Master, Jaffe and Back leported an al- 
most identical frequency 

The distiibution of oui cases can be seen in the 
chart and m tables 1 and 2 There were 201 
cases of anterior and 118 of posterior infarction 
It would seem that acute myocardial infarction 
occuis more often m the anterior portion of the 


Table 2 — Distiibution of 378 Cases of Acute Infai ction 


Recov 




ered 

Died Total 

Anterior infarction 




Electrocardiogram only 

120 

29 

149 

Electrocardiogram and necropsy 


2S» 

28 

Necropsy only 


24 

24 

Total cases 



201 

Posterior infarction 




Electrocardiogram only 

86 

15 

101 

Electrocardiogram and necropsy 


5 

5 

Necropsy only 


12 

12 

Total cases 



118 

Anteroposterior infarction 




Electrocardiogram only 

5 

2 

7 

Electrocardiogram and necropsy 


4« 

4 

Necropsy only 


1 

1 

Total cases 



12 

Infarction present location uncertain 

15 

4 

19 

1 leetroeardiogram not diagnostic 

4 

1 

5 

Bundle branch block 


3 

3 

No Electrocardiogram or necropsy 


20 

20 


* Seo te\t 


left ventricle These figures ai e statistically sig- 
nificant 

This difteience becomes even more staking 
when the cases studied at necropsy are considei ed 
(table 3) Of the 74 fatal cases in which autopsy 
was done, 52, or 70 per cent, were instances of 
anterior infarction, 23 per cent of posterior and 
7 per cent of anteropostenoi These percentage 
differences are highly significant statistically 
The question arises why the incidence of anterior 
infai ction at neci opsy was even gi eater than that 
found by electrocai diograms alone 

The answer to this is not difficult to obtain In 
table 1 it IS seen that definite location of the 

Table 3 — Location of Acute Infai ction at Necropsy 


74 Cases Percentage of Total 

Anterior 52 70 

Posterior 17 23 

Anteroposterior 5 7 


infai ct could not be made by electrocardiogram 
in 39 of 321 cases (12 per cent) Twenty of the 
39 patients died, and autopsy was performed on 
12 Of these 12 patients, 11 were found to have 
anteiior infarction and 1 anteroposterior infarc- 
tion This is in keeping with the finding of 

14 blaster, A M , Jaffe, H L , and Back, J The 
Treatment and Immediate Prognosis of Coronary 
Artery Thrombosis, Am Heart J 12 549 (No\ ) 1936 

15 Pearl, R Aledical Biometry and Statistics, 
Philadelphia, W B Saunders Company, 1940 
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Wood, Bellet, McMillan and Wolfeith,^*^ who 
stated that most of the infarcts missed by electro- 
cardiograms are anteiioi 

Anothei factoi that would inci ease the autopsy 
incidence of anterioi as compaied with posterior 
infaiction is the greatei mortality of anteiioi 
myocaidial mfaiction W'e plan to considei 
specifically the factors influencing moitahty in a 
separate paper It can be seen fi om table 2, how - 
e\er, that 81 of our 201 patients with antcnoi 
infarction (40 per cent) died, as contiasted to 32, 
or 27 pel cent, of the 118 patients with posteiioi 
infarction This diflfeience is of significance 
statistically The question of the lelative moi- 
talit}- of anterioi and posteiioi myocaidial in- 
farction has been contioversial Wood and his 
associates,^** VandcrVeei and Biowm*'* and 
Stroud have all expiessed the opinion that 
anterioi myocaidial mfaiction is lai inoie senoiis 



Distribution of 378 cases of acute infarction accord- 
ing to location A, anterior infarction, B, posterior 
infarction , C, antcroposterioi infarction , D, location 
not certain, E, electrocardiogram not diagnostic (no 
autopsy) , F, bundle branch block (no autopsj ) , G, 
diagnosis on clinical evidence (no autopsj) 


than posterior Master and his associates,’ "* on 
the other hand, stated that the piognosis of an- 
terior and that of posteiioi infarction are about 
equal, and Willius said that the situation of the 
infarct has little influence on death oi suiwival 
Rosenbaum and Levine” agieed with this It 
IS of course tine that a numbei of factors in- 
fluence the moitahty m the individual case of 
myocardial infarction But by and large we feel, 
as have the observers cited,’® that a patient with 
an anterior myocardial infarction has less chance 
of recovery than one with an infarct on the pos- 
terior surface of the left ventiicle 


THE ACCUKACV OF THE ELECTROCARDIOGRAM 

Another topic considei ed m this study w^as the 
accuracy of the electrocardiogram Feil, Cush- 
ing and liardesty '* expressed the opinion that 
it IS accurate in 100 pei cent of acute single in- 
faictions A con elation of oui autopsy and elec- 
ti ocardiographic material levealed 16 cases in 
which the electrocardiogram did not correcth 
localise the infarct (table 4) These cases were 
included under their correct category m table 2 
(see asterisks) 

Of the 16 patients, 8 had but one cardiogram 
taken before death, 2 had a bundle branch block 
and 2 were given a diagnosis of acute infarction 
of uiKCitain location Therefore, their cases 
should not justl} be considered as instances ot 
electrocardiographic errors, as Barnes has em- 
phasized ^ Of the remaining patients, 3 had 
anteroposterior infarctions that were partiallj 
but not completel}’' diagnosed In just 1 case 
(interpreted as one of posterior and found to be 
one of anterior infarction) w^as there a definite 
diagnostic erior It seems justifiable to state 
that the localization of an acute myocardial in- 
farction b} the electrocardiogram is a highh 
accurate procedure 


COMMENT 

It is difficult to explain the dilTerences of 
opinion concerning the incidence and inortalit) 
of anterior and of posterior infarction 

The published series of cases of acute infarc- 
tion have been sufficiently large to eliminate the 
errors incident to random sampling The meth- 
ods of selecting the cases cannot entirely explain 
these differences The same observ'ers ’" that 
reported a greater incidence of anterior infarction 
found little difference betw^een the mortalit} of 


TAniE 4 — Discrepancy Betzveen ElccfrocardwgiapJitc 
and Autopsy Ez/tdenced m 16 Cases 


No ol Eloctrocnrdlograplilc 

Cases Diagnosis Autopsy Diagnosis 


7 Myocardial disease (onlj one 
tracing taken) 

S Bundle branch block 
2 Acute infarction, location not 
certain 

2 Anterior infarction 
1 Posterior Infarction 
1 Posterior Infarction 
1 Myocardial disease old infarc 
tion(onlj one tracing taken) 


Anterior infarction 

Anterior infarction 
Anterior Infarction 

Anteroposterior infarction 
Anteroposterior infarction 
Anterior infarction 
“interoposterior infarction 


16 VanderVeer, J B , and Brown, L E The 
Diagnosis and Prognosis of Coronary Occlusion, Penn- 
sylvania M J 39 303 (Feb ) 1936 

17 Stroud, W D , in discussion on Levine, S A , 
and Levine, H D Electrocai diographic Study of 
Lead IV, with Special Reference to Findings in Angina 
Pectoris, Tr A Am Physicians 50 303, 1935 

18 Wood and others VanderVeer and Brown 
Stroud 


anterior and that of posterioi infarction Further 
detailed autopsy studies may help claiify this 
topic, as w'ould more exact descriptions of the 
acute attack, of the location of the arterial throm- 
bosis and of the position of the myocaidial 
necrosis It is notew^oithy that our postmoitem 

19 Wilhus Rosenbaum and Levine 
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incidence of anterioi infaiction is identical to the 
71 per cent of anteiioi and apical infarction found 
by Bean at autopsy 

As far as therapy is concerned, these dif- 
ferences are purely academic But they are of 
some importance m helping deteimme the prog- 
nosis of the individual case Considering oui 
data, we find it difficult to avoid the conclusion 
that anteiioi infarctions occur oftenei than pos- 
terioi and aie more seiious 

SUMMARY AND CONCLUSIONS 

The diagnosis and location of the infarct weie 
considered in 378 cases of acute myocardial in- 
farction Electi ocardiogi ams taken m 321 cases 
1 evealed the presence of infarction in 94 per cent 
On electi ocardiographic study alone, 52 per cent 


^t.y 

of the infarcts A\eie found to be anterior and 34 
per cent posterior Of 74 patients coming to 
necropsy, 70 per cent had anterioi, 23 per cent 
posterioi and 7 pei cent anteroposterior infaic- 
tion 

Anterioi myocaidial infarctions are more fie- 
quent and more serious than posterioi infarctions 
Infarction of the anterioi wall of the left a entricle 
IS more apt to be missed by electrocardiograms 
than posterioi involvement Electrocardio- 
graphic diagnosis and location of the infarction 
are highly accuiate 

Completion of this study would have been impossible 
without the assistance and advice of Dr Harold L 
Goldburgh, Dr A Margohes and Dr Joseph C Doane 

6300 Rising Sun Avenue 
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REPORT OF A CASE OF SERVIVAL FOR NINETEEN YEARS AriER CORONARY THROMBOSIS 
GORDON McHARDY, AID, and DONOVAN C BROWNE, AID 
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Initial]}'- myocardial mfaiction resiiltini^ fiom 
coronary occlusion was legaided as a rapidly 
fatal condition This iinpicssion was piobably 
well substantiated by the diagnoses of preelectio- 
Ccirdiogi aphic days, seldom made except in cases 
of the most severe foim Tins attitude persists 
despite the numeious moie optimistic prog- 
nosticatois, peihaps it is best that all clinicians 
have a wholesome respect foi this seiious disease 
and that theiefore they be more than ordinarily 
cautious in its treatment On the other hand, 
one must realize the virtue of presenting a 
favoiable life expectancy to the patient reco%ei- 
mg from myocaidial mfaiction liemck^ was 
the fiist (1912) to lend a gleam of hope to the 
situation by assuming tlie possibilih ot a long 
peiiod of suivival aftei lecover} 

Electi ocardiography clarified the diagnostic 
difficulty, the development of the method was 
rapid, and its accuiacy has been proved, so that 
statistical evaluation of the life expectancy after 
recoveiy from myocaidial mfaiction is now pos- 
sible With the advent ot the clcctiocaidio- 
graphic method, reports of five ycai surviv'als 
appeared in the literatuie fhen Bui ton and 
his associates - reported a case of the condition 
verified b} necropsy m which the patient sur- 
vived seven }eais Jegorow ■' piesented a case 
of multiple infarction veiified post mortem in a 
man whose initial attack occuried fifteen yeais 
before Conner and Holt '* claimed to have seen 
a case in which the patient suivived seventeen 
yeais, but they lack pathologic confiimation 
White,® in 1933, leported his case of the disease, 

From the Department of Aledicinc, Tulane Uni- 
versity of Louisiana School of Aledicine, and Touro 
Infirmary 

1 Herrick, J B Clinical Features of Sudden 
Obstruction of the Coronary Arteries, J A AI A 59 
2015 (Dec 7) 1912 

2 Burton, JAG, Cowan, J , Kay, J H , Alar- 
shall, A J , Rennie, J K , Ramage, J H , and Teacher, 
J H Fibrosis of the Alyocardiiim with Electrocardio- 
graphic and Postmortem Examinations, Quart J Aled 
23 293, 1930 

3 Jegorow, B Die intravitale Diagnose des Alyo- 
kardinfarktes, Ztschr f klin Aled 106 71, 1927 

4 Conner, L A , and Holt, E The Subsequent 
Course and Prognosis m Coronary Thrombosis, Am 
Heart J 5 705, 1930 


confirmed b}’- autops}, m whicli tlic patient sui- 
viv'cd loi seventeen and a half years, and, in 
1936, he claimed a new lecord of survival for 
twenty-four years ” after an attack of coronary 
thrombosis 

With the geneial acceptance of such notable 
vvoik, one liesitates to question White s reliability 
as a chronologist Flowever, in reviewing his 
two leports, we find a weakness nonexistent in 
our study His 2 patients were assumed to have 
the initial attack of coronar} occlusion on the 
basis of the histoi} alone and in the course of 
their years of suivival had other such episodes, 
but there weie no elcctrocardiogiaphic studies 
We feel justified in reporting the present case, 
foi a search of the literature shows that it is 
the first instance of myocardial infarction due to 
coronary thrombosis in which there vv'as electro- 
caidiographic confirmation at the onset and in 
which tliL patient lived for so long a time, nine- 
teen yeais and thirty days from the initial occlu- 
sion until his death, from thrombosis, both the 
initial and the terminal attack being confirmed 
In autops} 

REPORT 01 eVSE 

I list 01 y — R J S , an attoiney who was known to 
liavc hjpertcnsion, experienced a tjpical attack of 
coronary occlusion m February 1924, at the age of 42 
The diagnosis was confirmed by progressive electro- 
cardiographic changes and was concurred in by the 
attending plnsician. Dr Sidnej K Simon, and by two 
cardiologic consultants. Dr B R Heninger and Dr 
J B Elliott 

An acceptable regimen w as adhered to, wath six weeks’ 
rest in bed and eight months’ abstinence from work 
Adjusting himself well to his disability, the patient 
lesumed partial activity and gradually returned to his 
legal practice on a restricted basis For nineteen years 
he was under close medical observ ation He experienced 
frequent episodes of anginoid pain, which were relieved 
by use of analgesics and of drugs to dilate the coronary 
vessels On several occasions he had severe, prolonged 
transthoracic pain, with mild circulatory collapse, but 
never had a frank episode of congestive heart failure 
Numerous electrocardiographic studies were made, the 
only significant change after the initial series being a 
progressive shift from a normal deflection to a pro- 


5 White, P D Longevity After Coronary Throm- 
bosis, J A Ad A 100 233 (Jan 28) 1933 

6 White, P D A New Record in Longevity After 
Coronary Thrombosis, J A Ad A 108 1796 (Ada}'- 22) 
1937 
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nounceci left axis deviation The roentgenographic 
silhouette did not change in either the anteroposterior 
or the lateral projection, and the measurements remained 
within normal limits 

He lent himself well to medical interest and was seen 
by numerous prominent internists, all of whom con- 
curred in the diagnosis of myocardial infarction due to 
coronary occlusion 

In July 1924 Dr Emanuel Libman, who saw the 
patient in consultation, agreed to the diagnosis of myo- 
cardial infarction and suggested the possibility of ven- 


rcading of the blood pressuie was 70 systolic and 30 
diastolic (prcMOUS average reading 185 systolic and 
9d diastolic) Oxygenation and sedation, infusion of 
a concentrated solution of dextrose and limited, but 
adequate, administration of fluids were the initial thera- 
peutic measures Twenty-four hours later he experi- 
enced pain on the right side of the thorax and hemoptysis 
(considered indicatne of pulmonary infarction) The 
patient recovered from the immediate shock and did 
well foi four days, then anuria developed and was 
successfullv combated with various measures, including 
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Fig 1 — Elcctrocaidiograins taken at intervals during the period of survival after myocardial infarction (1924- 
1943) 



Fig 2 — Electrocardiographic tracings taken during the terminal illness with coronary thrombosis The patient 
died March 30, 1943 


tricular aneurv'sm but added ‘1 bet e is not enough 
evidence for a definite diagnosis of secondary aneurysm 
of the heart ” Drs Hubert Schoonmakei, Franz Groedel, 
John Musser and W W Hamburger all made con- 
firmatory^ reports 

On three occasions it was necessary' to give the patient 
a large dose of sulfathiazole — once for nasofacial cellu- 
litis, resulting from nasal furunculosis, and twice foi 
severe prostatitis Fie withstood this medication well 
Throughout the rears he was a prominent, actne, 
successful attorney' and teacher 

On klarch 15, 1943, while in court, he experienced 
a trpical attack of coronary thrombosis The earliest 


'dmimstration ol plasma The sequence of events was 
congestue heart failure, which enforced digitalization, 
and terminal peripheral vascular collapse, with death on 
the fifteenth day after the onset of the attack 

Autopsy — The heart W'as enlarged, weighing 575 Gm 
There w'cre moderate hrpertrophy and dilatation of the 
left rcntricle, absence of any \ahular lesion and tvvo 
definite areas of scarring on the left rentricle, indicatne 
of old, well healed infarcts The anterior descending 
branch of the left coronary artery was occluded 3 cm 
from Its origin, resulting m an area of infarction, 
measuring approximately 3 by 2 cm , in the antero- 
inferior portion of the mtra\ entricular septum, as v cll 
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as an area in the adjacent anterior wall of the left 
ventricle, 2 cm in diameter 

Microscopic stud}' revealed definite signs of old myo- 
cardial scarring, as well as the e\idence of recent 
infarction 

The other obser\ations at necrops} were meiel} in- 
cidental There was no ventricular aneur} sm The 
lungs showed only areas of atelectasis , most of the 
alveoli were filled with so-called heart failure cells 

COMMENT AND CONCl USION 
We shall not icmcw the hteiatuie ot compile 
a statistical leport Master, Back and JalTc " 

7 Master, A M , Dack, S , and JafTe, H L \qq, 
Sex and H}pertension in M^ocardlal Infarction Due to 
Coronarv Occlusion, Arch Int Med 64 767 (Oct ) 
1939 


adequatel} peifoimcd this task in 1939, tvlien 
they published a stud} of 500 cases of coronar} 
occlusion fioni Mount Sinai Hospital, with a 
bibliography coveiing 2,803 clinical reports and 
1,241 necropsy studies 

W'e ha}e not attempted to compute an a\erage 
pciiod of sui vital for myocaidial infarction, but 
we hope b} leporting this interesting case to 
lend ciedence to White’s contention that sur- 
\i\al and plnsical actnity aie possible }ears 
aftei an attack of acute coronar} occlusion and 
that the piognosis for all victims should be con- 
sidcied fiom this optimistic point of tiew 

1534 Aline Street 
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We wish to desciibe an unusual, oft recunmg 
iisease of joints and adjacent tissues, 34 cases 
Df which have been studied in the aithritis 
service of the Mayo Chnic since 1928 Its out- 
standing features are multiple afebrile attacks 
of acute artlii itis and periarthritis, and sometimes 
also of paia-aithiitis, with pain, swelling, red- 
ness and disability generally of only one, but 
sometimes of more than one, small oi laige joint, 
in an adult of either sex The attacks appear 
suddenly and develop rapidly They geneially 
last only a few hours or days and then disappeai 
completely, but they lecur repeatedly at shoit 
01 long, ti } egulai ly spaced intervals Despite 
the fiequent recuiiences and the transitory 
piesence (m some cases at least) of an acute 
01 subacute inflammatory polymorphonucleai 
exudate in the articular tissues and cavity, little 
or no constitutional leaction oi abnormality is 
revealed by laboratory tests, and no significant 
functional, pathologic oi roentgenographic resi- 
dues occur even aftei yeais of disease and scores 
of attacks 

The disease has not been described in any of 
the many new and old textbooks on articulai 
conditions wdnch w’e have examined In certain 
ways It resembles, and in other w'ays it differs 
fiom, conditions described in 1911 and 1913 by 
Solis-Cohen and m 1939 by Kahlmetei ■ The 

* Division of Aledicine, Mayo Clinic 

Presidential address presented by Dr Hcnch at a 
meeting of the American Rheumatism Association in 
New York, June 10, 1940, also presented at a meeting 
of the Central Society for Clinical Research m Chicago, 
Nov 8, 1941 

1 Solis-Cohen, S Certain Angioneurotic Mani- 
festations 111 and Around Joints, Frequently Mistaken 
for Gout and Rheumatism, Tr Coll Plnsicians, Phila- 
delphia 33 309-311, 1911 , On Some Angioneural Ar- 
throses (Periarthroses, Pararthroses) Commonlj Mis- 
taken for Gout or Rheumatism, Tr A. Am Phisicians 
28 739-757 1913 Am T M Sc 147 228-243 (Feb ) 
1914 


lesemblances of our cases to, and then diflei- 
ences from, those of Solis-Cohen and of Kahl- 
metei will be noted hereaftei 

ILLUSTRATIVE CASES 

Six tjpical cases are described m detail Data 
on the remaining 28 cases and on these 6 cases 
are presented in table 1 and summaiized m the 
text 

Case 1 (table 1 ) — Fxrst lecogntccd case of palin- 
diojmc 1 henmatism m iltts settes 

A woman aged 21 came to the Mayo Clinic Aug 2, 
1928, complaining of “arthritis” of eight years’ dura- 
tion Her first attack was at the age of 13 years 
(August 1920), nine months before her first menses 
Suddenly both big toes and a knee became swollen, 
red and painful The attack lasted about a week, 
then the joints recovered completely A month later 
she began to have a series of attacks which succes- 
sively involved any one of several joints almost con- 
tinuously during 1920 and 1921 The great toe and 
metacarpophalangeal joints usually were affected Gen- 
erally only a single joint w'as affected at one time 
and then only for twehe to thirty-siv hours There 
would be, foi example, much sw’elling and “vicious 
pain” in a joint in the morning, then suddenly in ihe 
afternoon that joint w’ould become completely w'cll, 
without even residual tenderness, until its reinvolvement 
a few days later, but some other joint would be affected 
meamvhile Attacks occurred in some joint ni other 
almost daily , when the feet were affected she often 
had to stay off them because of severe pain With 
attacks appearing or subsiding almost daily, she esti- 
mated that she had several hundreds of them during 
1920 and 1921, and yet after each attack the affected 
joint became “completely yvell eyery time” Then the 
disease changed its pace, and the pattern of attacks 
altered notably 

During 1922 and 1923 the patient had only four or 
fiye attacks or small “groups of attacks” yearly One 
joint of a toe or finger would be affected for two or 
three dajs, pain was severe enough to keep her awake 
and limit her actnities temporarilj Then she yvould 

2 Kahlmeter, G \ a-t-il des formes de rheuma- 
tisme articulaire et pcriarticulaire d’une nature rcelle- 
ment allergiquc' Acta med Scandmay 102 432-443, 
1939 
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be well foi thiee or foui days, until another joint was 
affected, geneially less severely and onlj' for two days 
'\t intci\als of about one week she would have a third 
and a foui th attack lasting only a half oi one daj After 
such a small group or chain of three or four bouts her 
joints were entirely w'ell for tw'o or three months 
Diagnoses of rheumatism, fallen arches and arthritis 
w'ere made Treatment included tonsillectomy, plnsical 
therapv and shoe correction In 1924 and 1925 she 
had only one short run of attacks j earlj During them 
she could not wear shoes or play the piano She had 
no attacks in 1926, but in 1927 the attacks became more 
extensive and more severe The fingers, left wrist, 
shoulders, left knee, ankles and toes w'cre affected 
Four 01 five joints would swell and become painful, 
tender and stiff for from one to four days, then the 
process would subside quickl}' without residual disability 
Attacks occurred in October and December of 1927 
and in May and twice in Julv of 1928 

In the four years before the onset of articular sjmp- 
toms (1916 to 1920) short attacks of hives, which were 
thought to be due to stravvberiics and fish, appeared 
five or six times yearly and involved the e>cs, face 
ears, abdomen, arms or legs Ihe hives appeared onlv 
occasionally ncai joints, they gencrallv were located 
elsewhere During 1920 and 1921, when her joints were 
more or less continually affected, she had onlv three or 
four attacks of hives lasting one or two davs and 
promptly controlled by epinephrine Between 1924 and 
1926, when irticulai attacks were Un<!t frequent, she 
had the most severe attacks ot hives, lasting three or 
four dajs and coming four or five times vcarlv Al- 
though the hives rarelj were present when joints vvcic 
affected, if an articular attack was alrcadv in progress 
the subsequent appearance of hives seemed to aggravate 
the joints The joints also were made worse bj heat 
and by menses, but not bv changes in weather The 
patient and her father, a phjsician, considered that the 
hives and the arthritis, since the two conditions rarclj 
occurred coincidcntallv, were not related or were related 
only remotelv 

The patient’s historj otherwise and the famih Iiistorv 
were not significant She did not Iiav e anv other allergu 
manifestations (such as migraine, asthma or hay fever) 
and had not lost weight despite her illnesses 

Physical Examination — ^The phvsical examination on 
the patient’s admission to the clinic gave essentiallv 
negative results except for certain joints There were 
swelling and tenderness at the proximal interphalangeal 
joint of the right thud finger, the left knee, vv'hich had 
just recovered from an attack, was normal , the right 
ankle was slightly sw'ollen, tender and painful on motion 
the right fourth toe was definitely swollen, tender and 
painful There was no urticaria The next day several 
metacarpophalangeal joints were red and a small patch 
of urticaria was present on the abdomen No focal 
infection was discovered 

Laboratoiy Data — The urine was noimal The hemo- 
globin reading was 75 per cent (Dare method), and 
erythrocytes numbered 4,500,000 and leukocytes 9,400 
per cubic millimeter of blood The flocculation test 
for syphilis gave negative results The concentration 
of uric acid (whole blood) was 4 mg per hundred 
cubic centimeters, of calcium (serum) 10 2 mg and 
of potassium (serum) 4 4 mg The sedimentation rate 
was not estimated in 1928 

Roentgcnogiams — Those of the hands and of the 
right foot showed a normal condition 

Preliminary Diagnosis — This was recurrent acute 
aithritis of unknown origin or questionable allergic 
arthritis Diagnoses of rheumatoid (chronic infectious. 


ati opine) arthiitis or of recurrent rheumatic fever could 
not be made because of the absence of residual aiticular 
or caidiac pathologic changes after “hundreds” of 
attacks Despite the occurrence of lepeated short 
attacks with complete remissions and the involvement 
of the great toes, a diagnosis of gout was not seriously 
entertained , gout rarelj affects females, cspcciall> j^oung 
females, and tojilii or definite hjpcruriccmia was not 
present Furthermore, the clinical pattern of the 
disease in this case differed materially from that of 
gout, in that the attacks lasted a shorter time and 
came much moie frcquentlj Ncvcithdcss, it was de- 
cided to note the effects of high and low purine diets 
and of colchicum 

Subsequent Couise — The patient was given a diet rich 
m purines , the blood uric acid rose from 4 to 4 3 and 
4 7 mg per hundred cubic centimeters , instead of becom- 
ing worse during this tunc, the involvement of tlic joints 
lapidly cleared up However, a severe attack ot hives 
occuircd and lasted three dajs In the next few dajs 
two or three other attacks of hives were provoked, 
apparcntl} bj sweetbreads but also bj other foods 
Cutaneous tests with a wide varicti of foods, including 
lish, sweetbreads and sti aw berries, gave negative 
icsults Dining the attacks of urticaiia the joints 
remained normal The urticaria was relieved b> 
epinephrine and colloid baths, but it was neither relieved 
nor prevented bv the use of colcliicum The patient 
was dismissed with advice to avoid the foods suspected 
t>f causing the urticaria This she did for four months 
A month after dismissal she had pain in the joint ot 
one big toe for a few houis, but no urticaria 

Some montlis later, after she had eaten clams, lobsters 
and shrimps, i short attack of hives but no arthritis 
developed We saw the patient again in 1932, the 
V alue for blood uric acid was 3 4 (normal 2 to 4 5) 
mg per hundred cubic centimeters Since 1929 she has 
taken a normal diet She has had no further attacks 
of arthritis Between 1929 and 1940 she had about six 
attacks of urticaria She tliought they were due to 
eating strawberries and fish, but she often had eaten 
these foods without subsequent hives The patient now 
lives in Rochester and has been under repeated observa- 
tion Her joints and heart are still entirely normal 
(February 1942) 

Comment on Case 1 — The relationship be- 
tween the patient's attacks of hives and the 
dithritis IS obscuie The two diseases lareh 
coincided, liut because of the uiticaria vve sus- 
pected, though we could not piove, that the 
articulai leactions also might represent an aller- 
gic 1 espouse The significance of the fact that 
the aithiitis disappeared when the patient 
adopted ceitain dietary restiictions is counter- 
balanced by the fact that the aithritis did not 
later leappear after the patient returned to a 
geneial diet A diagnosis of “allergic arthritis, ’ 
therefoie, was considered unproved but allowed 
to stand for purposes of indexing and fuither 
btudy 

Case 16 (table 1) — The ease of most severe involve- 
ment in this senes, zoith aithniis, paia-arthiitis, peri- 
ai till Ills 

This case will be reported in considerable detail, as 
the involvement was the most severe and the case 
exhibits best the featuies of the disease and is illustrated 
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ujlh ‘>(\(i.il pliolo);)ai)lis (fifjs 1 to \0) wliicli show 
clc-uly the liaiisKiit, yet icctincnt iiatuic of the attacks 
A housewife ajjerl 39 w.is arlniitlffl to the clime Dee 
11, 193(1 liteaiise of 0) leemieiit "ilieiim itism,” with 
painful swellin/?'’ nf joints almost d uly for si\ years, 
(2) subtnlanoons jiaia-aitieulai swclhntts, p:em tally 
near hnt not ovei joints, ocetiriiiifj fiequcntly for fotii 
ye.iis, and ('3) small intiaeutaneoiis oi snhentancons 
iiodnlfs, appealing fi (‘fluently it vaiious sites of pics- 
snie and elsewheie foi thiee yeais 
" Rhcnmnli'sm ” — Tn Apiil 1930 the jiatieiit began to 
have le cm lent attaeks of swelling, pain, ledncss and 
stiffness of vaiions joints, attaeks eanie ihnost daily, 
geneially lasleel only eight to twelve hours, occasionally 
Uventy-foui boms, and left the affeeled site ot sites 
noini.il until then nest involvement J hey weic so 
numeious that ,in almost eontinuous suceession of 
daily attaeks involved some joint or othei While on 
a sumnici vae.ilion in 193fj she had, foi no known 


and proximal intei phalangeal joints, a 1 ne.e oi an .mkle 
was affected almost daily 2 he elbows, shoulders, sjiinal 
column, wrists and toes shaied m the attacks onlj 
about onee a week, teimmil phalangfal joints were 
involved two OI thiee times monthly and the hips less 
fiequcntly Of all legions affoeted the shoulders 
became the most painful, but joints oi the finge i s 
swelled the most fieepiently Often a fiiigci swelled 
to twiex Its noimal si/e and the skin became tight 
J he lee 111 lent swellings of fmgeis had been so notable 
foi thie*e years that the skin had been sti etched and 
as the swelling subsided it left the skin markedlv 
wiinklcd ffig ] (t) When joints were swollen, artieular 
lenelerness was pionotmeed and theie was a “deep aehe 
IS though the pain wfie m the bone” Often joints 
weie sufficiently disabled and painful to foiee the patient 
to he flown all afteinoon, although she laiflv h.id to 
iindiess and go to bed 3 he moic house woik she had 
to do the woise the attacks weie, lest inoekiated but 



J'lg 1 (e.ise 16) — (ee) Dee 11, 1936, both h.mels I he skin ovti the fmgeis has been stnlehed b\ iIk 
leeunmp swellinps Wiicn the swellings subsided, the skin u is left nnikedly wimkled \odules nnv be 
seen (1) on the me si.il aspect of the light mdes fmgei , (2) ove i the pioximal jilnl tiu eif tlie left fifth fmgei, 
tnel (,D ovei the teimmil joint of the left thud finge i J he dm sum of ihe left hand is shghth swollui 
(/') iJee 16, I91fi light h.mel J he pioMiiul intei phalange al joint of the foiiith lingei is now swolKn 


le isoii been flee ol elole itt.ieks foi <i few dns, the 
only tunc in si\ ye.iis 

Att.ieks ifleeti'd one joint oi sevei.il joints at a time 
Usu.ilh the pitienl wms well e.ieh el.iv until about 
noon OI e.iiiy .ifteinoon I hen .i joint oi joints heeanie 
sweillfii p.iinful ind often reel J he ittaek le.iehed 

Its intMin.il intensity iisu illv .ibout A ni 3 p m, 
ueedeel dm mg tlie evening and elis.ipi>e,ii e el duiing the 
nig.ht With few V ,11 i.itions such .ittieks h.iel oenuied 
(lev iftei (In foi SIX veais, jet the joints e.ieh nioining 
weie geneiillv entuely noim.il ,inel no defoimity oi 
ehionie disibilitv hid .ijipe, ued Imnts involved m 
the eiidci of fieeiuenev vvfie those of the hngeis, knees 
mkles elbows, toes, shoiildeis, simie, wiists and hijis 
When the shouUlets, spinal eolunm ind lutis vvtie 
ifTeeted tiieie w n ,ie lung jiiin but no swelling (ftlier 
joints defimteh swelled Some me t \e ii jiojih d.mec il 


nevei e ntii e Iv jii e v e nte el thf ittaeks Ihev wen woi-^e 
till week bifoie, .nnl less scveie the week ,iftei menses 
Ihev weie not leliteel to weathei seaseui eji niv known 
foeid Ihe iMtient did not line astlim i bn level 
(e/eini OI known sensitivity to inv diiig oi fejod but 
oceisionillv sbe bad mile] beidaebes J be iilieuiii 
swellings bid been niiafTccled by numeious ti eatiiie iits 
vaiious pills, .1 diet jkioi m meat .mel sill jilnsini 
tbeiapv, ebiiopr.ietie tte.itnients .iiiel lemov.il ol I- e ib 
and tonsils 

^tilx utdiKtnic Sw(lhit(i<; (l’(i)ti- /i (/ii ifnj - -Dm ill ; 
lliL foui ve,ns befoK' Ibe jiitient's admission m uiv o' 
the 11 tie lit, 11 Itt.ieks h.id been iieomii.mi d In i itbi i 
smill sulie lit UK oils swellings vdiie li list'd on lo I'ui. 
davs ami iffected tissues .ibove oi liteiil t" ' In*' 
Joint, ibout 1 milleoliis, on tlie dorsum oi < i‘"| on 
the ( s ti mor sni f le e of m irni just e) st il to oi i 'h . 
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or proximal to a wrist, or over the dorsum of a hand 
just proximal to one or two metacarpophalangeal joints 
Occasionally also one or more finger tips or finger pads 
(flexor surfaces of the distal phalanges) would swell 
up in connection with swelling of a pioximal inter- 
phalangeal or terminal phalangeal joint These regions 
of puffiness varied in diameter from that of a dime to 
that of a silver dollai (%o to V/j inches, 18 to 40 inm ), 
pitted slightly on pressure, were slightly tender and 
ached or burned The finger pads especiallj would 
become sensitive for a few hours 

Intiacutancow! oi Siil>cutaiicoii<: Noduhs — The patient 
had also noted foi three years the octasional appearance 



u 


Fig 2 (case 16) — Dec 23, 1936 (o) The proximal 

interphalangeal joint of the right fourth finger is no 
longer swollen, the teiminal joints of the fourth and 
fifth fingers are now swollen (fi) Swelling on the 
flexor surface of the left forearm, proximal to the wrist 

of small subcutaneous or mtracutaneous nodules oi 
papules wear the elbows, kwees or wnsts awd espe- 
cially on the fingers They came rather suddenly, 
lasted sometimes only a few days, but usually about 
two to five weeks, and then disappeaied completely 
The only nodule which had persisted had been on the 
mesial aspect of the right index finger for about one 
year (fig 5) These nodules were usually somewhat 
tender, more so than the regions of para-articular 
puffiness The nodules seemed to bear a relationship to 


trauma and appeared especially at sites of pressure A 
bump would not precipitate one, but a few' hours’ 
pressure of an elbow on the arm of a chair or of the 
head on the back of a chair or of the buttocks on a 
chair seat w'ould cause one to form Hence the patient 
had padded the arms, seats and backs of her chairs 
Such nodules appeared near the elbow'S frequently, on 
the back of the scalp two or three times a month and 
on the forehead occasionally 

History — The patient had scarlet fever in 1911, under- 
went cholecystostomy for obstructive jaundice in 1923, 
and suffered from pleurisy, pneumonia and phlebitis 
of one leg and had tonsillectomv performed 111 1933 
The familj history was irrelevant except that one 
sister had hav fever, another had migraine and two 
nephews had hives after eating certain foods 

Physical Exaimuation — ^The patient’s first exami- 
nation at the clinic vs'as in the morning, at which time 
the joints ah appeared normal, none were tender or 
sore There was slight puffiness, however, ov'er the 
dorsum of the left hand (fig 1 a) Nine small, firm 
intracutaneous nodules, one near each olecranon process, 
and seven scattered over the ventral and dorsal surfaces 
of the fingers were present (figs la, 3a and 5) These 
were elevated about 1 to 2 mm and were about 3 to 
8 nun in diameter 'Ihe skin of the fingers was 
wiinklcd, and the subcutaneous tissues of the surfaces 
of the fingers were loose and seemed atrophic, as if there 
had been much previous subcutaneous swelling (fig 1 a) 
General and neurologic examinations otherwise gave 
negative lesults 

Laboiatoiy Tests — \ flocculation test for syphilis 
gave a negative result Many urinalyses were made, 
all showing a noriudl picture Concentrations of uric 
acid were in whole blood 31, per hundred cubic centi- 
meters, in plasma 4 4 mg and in scrum 5 0 mg The 
value for pi isina eholestcrol was 175 mg per hundred 
cubic centimeters for lecithin 223 mg, for fatty acids 
280 mg and for total lipids 455 mg The sedimentation 
rate was 10 nun (one hour) before an articular attack 
and 12 mm (one hour) during an attack The hemo- 
globin reading was 14 5 Gm per hundred cubic centi- 
meters, ciythrocytes numbered 4,300 000 per cubic 
millimeter of blood and Icukocvtes 8,400 to 10,000 
Several differential Icukocvtc counts revealed neu- 
trophils 48 to 68 per cent, lymphocytes 25 to 45 per 
cent, monocytes 1 to 7 per cent, eosinophils 1 to 5 per 
cent, filamcutcd cells 38 to 56 pci cent and nonfilamented 
cells 8 to 22 per cent The sedimentation rates and 
total and differential cell counts did not vary sig- 
mficantlv befoic, during and after an attack of arthritis 

Roentgenogiams of the hands (fig 6), wrists, elbows, 
knees, ankles, feet and chest were entirely normal 
Hemolytic streptococci were readily found in each of 
three nasophai vngeal cultures Specific lesions were 
not produced when they were injected into two rabbits, 
the animals’ joints remained normal These strepto- 
cocci when injected into the patients skin produced 
only slight reactions Cutaneous tests with a number 
of pollens, foods and hairs all gave negative results 
The cold allergy test of Horton, Brown and Roth ^ 
was negative 

SiibscqiiCHt Obsci-uatioiis — The patient was studied 
m the hospital for twenty-seven days (Dec 15, 1936 to 
Jan 10, 1937) During this tune we observed a series 

3 Horton, B T , Brown, G E , and Roth, G kf 
Hypersensitiveness to Cold with Local and Sj'stemic 
Manifestations of a Histamine-Like Character Its 
Amenability to Treatment, J A kl A 107 1263-1268 
(Oct 17) 1936 
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of short, acute attacks of arthritis and the appearance 
on several occasions of swellings of para-articular soft 
tissues and on four occasions of nodules (fig 1 b and 
figs 2 to 5) At no time was fever present 
Arthiitis — During the twentj^-seven days the patient 
had fifteen attacks of arthritis, chiefly in joints of 
fingers In nine attacks only joints of fingers (one or 
more) weie affected, and in five, joints other than of 
fingers In only one were joints of fingers and othei 


phalangeal joints (not finger pads) Other regions 
involved during these twenty-seven dajs w'ere the left 
ankle twice, the left great toe (w'hole toe) tw'ice and the 
left knee, left hip, right shoulder and back once each 
The same joint was rarely affected on tw'o successne 
days, geneially three or more days elapsed before a 
given joint was involved again 
The patient’s joints generally appeared normal each 
morning Usually an attack began between noon and 



Fig 3 (case 16) — Dec 28, 1936 (o) The pads of the right second and third and of the left third, fourth 
and fifth fingers are swollen, note the scattered small subcutaneous nodules (b) The teiminal joints of the 
right fouith and fifth fingers are no longer swollen, eompare with figure 2a 


joints simultaneoush attacked In six of the ten 
attacks affecting joints of fingers onlj one joint was 
affected, in three attacks two and in one attack, three. 
Proximal interphalangeal joints were affected much 
ottener than other joints ot the hands (fig 7) The 
attack of Dec 23, 1936 iinohcd no proximal inter- 
phalangeal joint but affected a metacarpophalangeal 
joint and was the onK attack which imohed terminal 


3 p m, reached its maximal intensit} of swelling and 
pain in about four or fi\e hours and was practically 
gone the next morning On the morning after the 
attack there was generallj no objectue or subjectne 
eeidence of the pre\ious daj’s attack except occasionallj 
slight tenderness on firm pressure or a faint residual 
puffiness at the sge of the last attack Repeatcdlj 
within about twent\-iour to thirt>-six hours the joints 
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weie fully icstoicd to noimal tuiKtion and also, as the 
photographs (figs 1 to 4) show, to normal appearance 
The amounts of aiticular swelling present before 4 p m 
were apparent to the naked e 3 e and to the palpating 
finger but weie often not such as could he rcadih 
reproduced in photogi i(ihs that unount of sw'elhng 
usually did not appeal until bctw’ccn s and 9 p m On 
raie occasions an attack began between 9 and 11 a m 
oi after the eeening meal 

Articular swellings w'cre geneialh of giade 2 on i 
giadmg basis of 1 to 4, raielj less and occasionalh 
more For example, duiing one attack the ciieuinfereiue 
of the proximal nitei phalangeal joint oi the light ffuiith 
finger increased from “i 7 to 7 2 cm and tint ol the 
same joint on the light index fiiigci tioiii 6 a to 7 2 cm 
Pain was definite and aiinojing, geneialh graded 2 
(modeiate oi notable but not severe) lendeiness oi 
giade 2 was usinlh' present redness ol giadc 1 to 2 
and stiffness of grade I -f- to 2 


intei cellular and inti acellular edema in tlie epidermis 
but no othci noteworthy changes 
Paia-ailtcitlai SzvclUnq<! (Paia-A> llti ills ) — These 
occurred cn each of fouitecn dajs while the patient 
was in the hospital, their diameters (0 7 to 12 inches, 
1 S to 3 cm) varied fiom the si/e of a dime to that 
of a 50 cent piece Ihev affected various parts of the 
hands oftener than other sites They appeared on the 
hands alone on six davs on the hands and elsevv'here on 
six, and elsewhere but not on the hands on two A 
favoiitc SI e was the doisum of the right hand proximal 
to, I ither than ovei, the metacarpophalangeal joints 
As indieated in figuic 7, three such regions on the two 
hands weie lepeatedlj affected, but even when the 
same site was affected on two suceessive daj's there was 
an interval when the svv cl lings disappeared for a few 
hours riicsc regions of swelling pitted slightlv, were 
shghtiv leddeiicd, weie tender and ached or burned 
Fspeenl/i notable were the swellings which involved 



Fig 4 (case 16) — ^Jan 6, 1937 The terminal joints ol the light fourth and fitdi fingers are still normal, 
the proximal intcrphalangcal joints of the left second and thud fingcis aie swollen and cannot be fully extended 


On twelve oi the twentv-s^ven davs tliere weie no 
attacks of arthritis, possibly as the lesiilt ol tieatment 
which will be discussed latei 

On Jan 7, 1937, biopsj of the skin, articukai capsule 
and surrounding tissues at the pioximal intei phalangeal 
joint of the left index finger was peifoimed dining an 
attack in this joint that had begun about twenty to 
twenty-four hours before 

When the subcutaneous tissues weie exposed some 
milky fluid ran out, and when the joint was opened 
cheesy bits of coagulated material came out Tlie 
histologic leactions weie those of a nonspecifie acute 
inflammation The coagulated exudate within the joint 
consisted of a loose fibrin netvvoik, enmeshing in- 
numerable leukocytes, mainly polj'morphonucleai s , in 
other words, it was a fibrinopurulent exudate (fig 8) 
The synovial membiane levealed acute inflammation 
with widespread exudation of polymoiphonuclear leuko- 
evtes and notable inflammatory thickening of synovial 
villi (fig 9o and b) Eosinophils weie not piesent in 
significant numbers No urate crystals were found m 
sections stained by Galantha’s silver stain Sections ot 
the skin oveiljing the joint showed the piesence of 


seveial finger pads on Deccmbei 28 again on December 
29 iiid on Januarv 8 (fig 3 a) The pads ballooned 
out so that the skin ovci them was taut The pads 
weie oiilj siigiitlv reddened but were tender, tliej "i 
bullied and throbbed iiid then ^kln temperatures (with 
the Constantin and copper galvanometei) were 4 to 6 
C (7 2 to 108 F ) highei thin these of adjaeent unaf- 
fected finger pads llie swellings extended up to and 
occasion illv p“oximal to the skin crease of the cor- 
icsponding teimmal phalangeal joint but the joints 
themselv’es seemed to Ic i.iiinfl lined although somewhat 
stiffened b\ the adjacent swelling 

Other sites of these paia-articulai swellings weie the 
flcxoi and extensor surfaces just proximal to the 
wiists (fig 2 b), the flexoi surface of the metacarpo- 
phalangeal joint of the left thud finger, the arms just 
below the olecranon piocesscs, the lateral aspect of the 
light knee, above the left patella, about the left external 
malleolus and over the dorsum of either foot Often 
these various swellings on the hands and elsewheie 
thougli distinct, were not gioss enough to show m 
photogi aphs except as a slight blurring of tissues or 
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smoothing out of contours and wrinkles, but some of 
our photographs show them more clearly 

Nodules — The sites of the nine intracutaneous nodules 
present on the patient’s admission have been mentioned 
During the twenty-seven days of observation four new 
nodules were noted, two on the dorsum of the right 
wrist, one in the occipital region and one ovci the 




' -it 



Fig 5 (case 16) — Jan 6 , 1937 The nodule visible 
on the light index fingei has been present for a year 
The nodule on the thumb has been present foi a few 
hours 

pioximal mtei phalangeal joint of the light thumb, which 
was visible only a few days (fig 5) The oldci 
nodules vveie foi the most pait esscntiallj painless, 
but seveial of tliem became soie during one of the 
articulai attacks One of the oiiginal nodules (left 
index fingei) was incised foi biopsy December 11 
Micioscopic examination levealed a nonspecific inflam- 
matory reaction resembling that in the aiticular capsule 
but less acute (fig 10 a and b) The cellular elements 
of the fibrous tissue vveic jirolifeiating actively, there 
were occasional mitotic figuies among the 3 mung fibro- 
blasts The tissue was vasculai, and occasional poly- 
moi phonuclcar leukocvtes, lymphocytes and plasma cells 
ucrc present about the small blood vessels In man 3 
of the blood vessels the endothelial cells vveie tall and 
s\\ ollen 

J icotvicut — During the eaily stages of the attack of 
Dec 22, 1936, involving fingei joints, subcutaneous in- 
jections of 1 1,000 solution of epinephrine 113 dro- 
chloiide, 10 and 8 mimms (0 6 and 0 48 ec ), given 
thiitv minutes apait, failed to modif 3 the usual progress 
of the attack Ihe adnumsti ation of ephednne, 7 
eapsules dailv (each giain, 0 024 Gm ) on Dccembei 
24 and 25, did not apparentlv influence the attacks 
\mphctaminc sulfate, 20 mg twice a dav, was given 
Decembei 26 and 27 On December 26 the left great 


toe swelled and soft tissue swellings appeared in several 
other regions, but on December 27 the patient was 
entirely free of arthritis or swellings, hei first “well ’ 
day in six months Intiavenous injections of triple 
t 3 phoid vaccine (25,000,000 and 50,000,000 bacilli) were 
given December 29 and 31, wnth satisfactory general 
reactions, and on Januaiy 1 daily injections of histamine 
for desensiti 7 ation were begun From December 27 
to January 3 inclusive the patient’s joints vveie free 
from attacks, although para-articular swellings had 
occuiied December 28 and 29 No articular attacks 
occurred January 5, 8 and 9, although para-ai ticular 
swellings occurred Januaiv 8 and 9 Whether this 
unusual fieedom from aiticulai attacks was due to the 
leactions to tv'phoid vaccine lemains problematic After 
dismissal the patient was asked to submit again to 
leactions to typhoid vaccine, but has relied on injections 
of histamine at home 

On Januaiy 8 , aftei para-ai ticulai swellings had 
affected several fingei pads and the dorsum of the 
light hand, 5 cc of a 1 per cent solution of procaine 
h 3 'drochloride was injected into the sixth, seventh and 
eighth cei \ icodoi sal nerves on the light side Within 
five minutes Horners s 3 ndrome was pioduced on the 
right side Theieafter the cutaneous temperature of 
the right torcaim and hand inci eased, with an apparent 
1 eduction m the pain and binning, and piobably also 
some reduction 111 the si/e of tlie swellings 

The factor ot rest seemed to be important Tlie 
patient insisted that hei attacks in the hospital, despite 
their frequene 3 , weie not as severe as those she had 
while working at home Therefore, on several days we 
pi escribed thiee 01 four hours of rather stienuous 
occupational theiapy and thiee 01 four miles of walk- 
ing , on tliese dav s her attacks were somewhat more 
severe Because of this lest factor we are unwilling 
to make an 3 final conclusions as to the value of the 
tieatments used in the hospital 

The patient was dismissed to continue further treat- 
ment at her home injections of histamine oral adminis- 



Fig 6 (case 16) — Dec 19, 1936 The roentgenogram 
of the hands (taken alter removal of biopsy specimen 
from the left index finger) is normal despite the fact 
that the patient has experienced hundreds of epi'odts 
01 arthritis during the preceding six 3 C.ir': 

It Uion ol Instainniise md injections 01 an autogenous 
heinolvtic streptococcus vaccine She obtained no rclid 
irom lurthei use 01 amphetamme or hisUmina^e Injee- 
tions Oi histamine were given through \pril 1937 the 
patients plnsieian was 01 the opinion tint the inj'ction-- 
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did not help mucli, but the patient lieiself lepeatedly 
wiote us that she was mucli benefited thereb}' and that 
althougli slie was still having frequent attacks she 
occasionally had three or four daj's t\ithout attacks 
When use of histamine was stopped, the patient’s 
attacks became moie severe, therefore hci phj'Sician 
(Maich 1938) reinstituted such therapv 



Fig 7 (case 16) — Sites iinohed b\ attacks which 
occurred in the hands while the patient was under 
obser%ation at the clinic (Dec 11 1936 to Jan 10,1937) 


I oUotv-up Study iit Case 16 — -In April 19-10 the 
patient wrote that she w’as still hating about three oi 
four attacks of arthritis cterv week, the attacks came 
on in the afternoon and disappeared cntirclj at night 
There w'as still no chronic articular deformitj , certain 
cutaneous nodules persisted The attacks still seemed 
to be precipitated or aggratated bj w'ork, and perhaps 
also b\ changes in weather, but tlie attacks were less 
severe and she felt “much better’’ since Ineing had 
the injections of histamine 

Case 20 (table 1) — The care of a noted orthopidirt 
zoit/i multiple aiticiilai and pat a-ai ftcular attacks 

A noted orthopedic surgeon, aged 73, was admitted 
to the clinic Jan 31, 1938, because of “rheumatism’’ 
of thirteen years’ duration In 1924, after he plajed 
golf, his right shoulder suddenh became painful for 
two weeks and then cleared up Ever since then he 
has had recurrent attacks of acute arthritis (in various 
joints) “time and again,” according to his estimate 
five hundred or six hundred attacks in thirteen years 
Despite their frequency, all attacks disappeared com- 
pletely, leaving no residual disability He stated the 
belief that his joints had been invoked as follow's 
elbow joints, each about seventy-five times, left knee, 
wrists and hands, each about fifty, hips, about twentv- 
five, right knee and sternoclavicular joints, each about 
twenty, and shoulders, each about four In the hands 
various proximal interphalangeal and nietacaipophalan- 
geal joints were attacked but never the terminal 
phalangeal joints The spinal column and feet also had 
escaped inv'olvement In any one attack, generally onlv 
one, but occasionally two joints, never more, weie 
affected in rapid succession 

The first attack, which was the longest, lasted two 
weeks , a few lasted two to three days, but most of 
them lasted only from three to twenty-four houis 
They were all afebrile At first the attacks came onlv 
about once m three or four months, but recently they' 
had come much oftener Intervals between recent 
attacks were shortest, one day , longest, one month , 


usual period, eight to ten days Duiing each of the 
past two years, therefore, the patient had had about 
fifty attacks 

A fvpical attack occurred thus Going to bed well, 
the jiaticnt often woke up in an attack or an attack 
would develop suddenly in the morning ilany attacks, 
how'ever, occurred at other hours Attacks developed 
“almost instantaneously,” progressed rapidly, lasted from 
ihiee hours to three days and disappeared completely 
Articular disability disappeared between episodes Out- 
standing features were periarticular swelling and pain 
Swelling was often severe enough so that periarticular 
tissues became tense, but the skin was not reddened 
As an orthopedist the patient had concluded that the 
swelling was periarticular not due to intra-articular 
effusion, but he could not identifv his disease with anv 
tv pc of arthritis with which he was familiar Many 
attacks were onlv moderately painful and were relieved 
bv 5 grains (0 3 Gm ) of acetylsalicyhc acid, but often 
pain was so intense that he was forced to lemam in 
bed Earlier attacks had been less frequent but m 
general inoie severe, so that hospitalirafion was re- 
quired every three or four months, recent attacks had 
been more frequent but less severe 

Attacks bore no relationship to season or to weather 
Precipitating factors seemed to be slight trauma or 
fatigue and perhaps also ingestion of chicken There 
was no evidence of familial or personal allergy — no 
asthma, Iny fever, ecrenn, urticaria, migraine or 



Fig 8 (case 16) — Character of the fibniiopurulent 
exudate found within a joint during an acute attack 
(X 500) 


sensitivity to drugs Prior to his admission to the 
clinic the patient had had numerous cutaneous tests 
w'lth various foods and bacteria, some of which had . 
pi oduced positive reactions, but a bacterial vaccine 
based on these reactions had caused severe general 
reactions and had been discarded The fairlv pro- 
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Fig 9 (case 16) — Acute inflammatory reaction present in the synovial membrane during an acute attack There 
•e widespread exudation of polymorphonuclear leukoc\tes and notable thickening of the sjnovial vilh (a, 
:310, b, X 700 ) 



Fig 10 (case 16) — The nonspecific chronic mflammators reaction present in a suljcutaneous nodule The 
ibroblasts are proliferating the tissue is \ascular, and occasional inflamniator\ cells arc seen about small 
essels (a, X 100 b, X 400 ) 
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longed use ot a diet which contained none of the sup- 
posed!} offending foods had given him no relief, not 
had injections of epinephrine Somewhere along the 
line a diagnosis of gout had been suggested, but as n 
physician he thought so little of this diagnosis that he 
ne%ei instituted the appropriate regimen 

In addition to the articular reactions, the patient 
had had numerous episodes of brawny swelling and 
induration of each forearm but nowhere else The 
affected region became firm and tender for a few da}S 

1 or two years he had had some prccordial pain on 
exertion His past history included scarlet fever when 
he was a child, tonsilkctomv in 1920 and inflvicn/a 

Phvsical E'lauuualwu — This gaie esscntiall} negatne 
results ObjLCtnel} all joints were normal, and roent- 
genograms ot an elbow, knee and wrist reicalcd nothing 
significant Other roentgenograms showed slight h\ per- 
il ophic arthritis of the thumb and the right hip This 
was considered to be the coincidental ostcoarthiitis 
usual in a man of his age and entirely unrelated to 
his chief articular disease No infected foci were found 

Laboiatoix Data — The patient had mild anemia, the 
concentration of hemoglobin was 12 9 Gni per hundred 
cubic centimeters of blood , cr\ throc} tes numbered 
4,010,000 per cubic milhinctci of blood Total and 
differential leukocyte loiints and a allies for blood 
calcium, phosphatase and cholesterol esters were norm.al 
The a alue for uric acid in the blood w as 4 8 mg per 
hundred cubic centimeters, that for scrum phosphorus 

2 6 mg (slightly low) and that for plasma cholesterol 
303 mg (slightly high) Ihc sedimentation rate was 
54 mm per hour during the swelling on the arm noted 
hereafter Culture of material from the nasopliarjnx 
revealed grccn-producing streptococci, which when 
injected inlrasenously into rabbits produced hemor- 
rhagic lesions in muscles and periarticular fascia and 
a hemorrhagic turbid exudate in certain joints Most 
of the cutaneous tests made with various foods, includ- 
ing that with chicken, gave negatne results Kcaetions 
were shghth positive to whole wdieat, beef, cocoa, coffee 
and tea While in Rochester the patient ate a duck 
dinner , forty-eight hours later a painless, colorless, non- 
tender swelling des eloped over the left forearm neai 
the wrist but disappeared entircl} in a few houis 
joints were not affected 

Diac/iiosis — As in case 1, a tentative diagnosis of 
‘allergic arthritis” was made, on Feb 4, 1938, largch 
foi indexing purposes, a diagnosis of coronary sclerosis 
was also made The patient w'as dismissed to note 
the effect of cphedrine, histamine and histaminase, ann 
to keep a food diaiy 

Subsequent Cow sc — Two weeks later, before anv 
tieatment had been begun, the patient noted transient 
swelling of a metacarpophalangeal joint which lasted 
two days On March 5, 1938, he wrote that he had 
had no further trouble “I don’t know when I have 
been so long without an attack before” He began to 
take injections of an autogenous streptococcus vaccine, 
but on Aug 11, 1938 he died of coronary disease 

Comment on Case 20 — In this, as m the pie- 
vious cases, a diagnosis of ihemnatoid (chronic 
infectious, atiophic) atthntis or gout seemed 
untenable The histoiy and clinical findings 
suggested the presence of articular reactions of 
an allergic nature, but this could not be proved 
noi could the antigen be definitely identified 


dhe nasophaiyngeal stieptococci ma} oi inav 
not have been significant The reason for the 
patient’s apparent impiovement after dismissal 
was not obvious, as the improvement, that is, 
a respite ftom attacks, started befoic the pie- 
sciibed treatment was begun 

Casp 27 (tabic 1 ) — Case in zvittch articulai biopsy 
tilts made as an attack subsided 

\ housewife aged 41 }cars came to the clinic Tan 23, 
1939, because of rccurimg attacks of arthritis lor tiio 
vcais She had had about 100 attacks m all, each one 
lasted a few hours or a few' da}s and then disap- 
pearetl During the fust }ear the attaeks generalh 
lasted less than a week A vear prcvioush several 
joints of both hands suddenlv swelled and were as 
‘sore as a boil' for two weeks She could not do 
housew’oik but did not have lever Then flic'' hands 
piomptly returned to normal The longest attack was 
three weeks, and some of her most painful attacks 
lasted onh a feu hours Sometimes she had two oi 
three attacks a week and sometimes none for thiee 
weeks, the average was about one wccklv 

In an attack generalh onlj one joint was afteeted, a 
finger joint, wrist, elbow, shoulder, knee or toe, 
occastonall} several joints were involved, but 90 per 
cent 01 her attaeks affected some part of a hand 
'\ttacks came suddenlv at anv hour, but more otten 
between 3 and 6 p m or in the middle of the night 
One hour she would be “feeling grand ’ , the next hour 
she would be miserable Swelling and pain reached 
tlieir niaxiniuni within two or three hours An affected 
joint beeamc shghth red and siifficienth swollen to 
iron out wrinkles in the skin and make it shim ^fild 
attacks consisted of articular pain without swelling 
The pain was throbbing or knifchkc, was cquallv severe 
da} and night and often kept her awake Disabiht} 
was such that if a knee was involved she had to go to 
bed. an afTeetcd hand prevented housework 

The patient knew of no cause for the attacks \ttacks 
were unrelated to work or menses but were less severe 
in summer Despite her hundred attacks she had not 
lost weight and her appetite was good There was no 
personal or familial historv of allergic reactions The 
patient had seen sev cral physicians , no definite diagnosis 
had been made TonsiIIectomv had not stopped the 
attacks 

Physical Etavnualtou — On admission the patient was 
in an attack (fig 111 The proximal intcrphalangeal 
joint of the left second (index) finger was swollen and 
slightly stiff All other joints appeared normal The 
finger remained affected for several davs The onh 
infected focus found w'as a tooth 

Labotaioiv Data — The sedimentation rate was 8 mm 
in one hour The concentration of uric acid was 2 7 
mg per bundled cubic centimeters of blood, of ciioles- 
tcrol 315 mg, of cholesterol esteis 277 mg, ot lecithin 
260 mg, of fatty acids 569 mg and of total lipids 884 
mg per hundred cubic centimeters of phsma That 
of hemoglobin was 13 5 Gm per hundred cubic centi- 
meters of blood Total and differential leukoevte counts 
were normal , 2 to 3 per cent of the Icukoc} tes vv ere 
eosinophils and 17 5 per cent nonfilaniented cells A 
flocculation test for syphilis gave negatwe results 
Roentgenograms of the hands, elbows and knees and the 
right foot were normal An agglutination test for Bru- 
cella abortus and the cold allergv test gave negative 
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results Cutaneous reactions to tests with many antigens 
were all negatue except tor a reaction of giacle 2 to 
coin and to cocoa 

Subsequent Coutse — On February 6 the proximal 
interphalangeal joint of the left index finger was incised 
for biopsy, the attack in that joint was subsiding 
The joint contained an increased amount of normal- 
looking fluid, and its capsule was thickened Cultuies 
of material from the joint and of the fluid on brain 
broth and brain agar revealed no organisms 

Microscopic examination of tissue fiom the capsule 
(fig 12 a and b) revealed actively proliferating fibrous 
tissue with many young fibroblasts, a few inflammator\ 
cells, including poh morphonuclear leukocytes, u ere scat- 
tered about email ^essels 

The patient was fed large amounts of foods which 
she suspected might be causing the attacks corn, cocoa, 
macaroni, potatoes, rice, and so forth No attack w'as 
precipitated, and on Feb 9, 1939 she felt fine , there 
was no pain anjwdiere and she stated that she “could 
run a race today ” 



Fig 11 (case 27) — The proximal interphalangeal 
joint of the left index fingei is slightly sw^ollen and 
stiff This cleared completely in a few days 


Histamine desensitization was begun During the 
patient’s stay at the clinic no other attack developed 
She was dismissed Feb 13, 1939 with instructions to 
continue the histamine therapy and to have the infected 
. tooth removed These measures did not give permanent 
lelief and she still suffers from the recurrent attacks 
However, she has not lost weight and does not have 
articular residues 

Case 30 (table 1) — Case m which biopsy of zviist 
was made during an acute attack 
A farmer aged 35 came to the clinic June 22, 1939, 
because of many attacks of “rheumatism" over a period 
of six years In 1933 his knees became painful for 
several weeks , then the pain disappeared About eight 
' months later he began to have recurring short attacks 
of acute arthritis, and he has had about one hundred 
I and fifty attacks in the past five years Between attacks 
his joints become entirely normal The attacks appeared 
any time of day or night, but especially at night, often 
around midnight He estimated that he had had seventy- 
five attacks in the hands, twenty-five or thirtv in a 


shoulder, fifteen each in an elbow or ankle and about 
fifteen more attacks involving a knee, a hip or the neck 
The large toe joints were never affected, nor had the 
patient ever had olecranon bursitis or renal colic 
Usually only one joint was affected in an attack, occa- 
sionally three joints were involved successively, one 
being attacked as another joint cleared up 

A joint began to ache and in about six oi eight hours 
became painful, swollen, red and tender Pam was so 
severe that for the next one or two days lie could not 
work or sleep At night the severe pain forced him to 
get out of bed and walk about or use hot or cold 
applications to get relief During an attack he could 
not eat with an affected hand, could not dress or shave, 
and so forth, but had to carry the part in a sling 
The sw'elling, pain and redness usually remained for 
two or three days and then slowly “disappeared 100 per 
cent, leaving the joint as good as ever ’’ The shortest 
attack lasted one day, the longest, one week He had 
nevei been aware of any fever with the attacks They 
bore no apparent relation to season, weather or food 
The patient thought they were sometimes precipitated 
by overwork and by getting his feet cold and wet 
There was no family or personal history of allergic 
1 eactions 

Physical Examination — This gave essentially negatue 
results The joints were entirely normal No infected 
foci were found 

Laboiatory Data — A flocculation test for siphilis 
gave negative results Roentgenograms of the elbows, 
knees, hands and wrists were normal The hemoglobin 
value and the total and differential leukocyte counts 
were essentially normal 1 and 1 5 per cent eosinophils 
and 6 per cent nonfilamented cells The sedimentation 
rate was 25 mm in one hour The concentration of 
uric acid (aerobic technic) in whole blood was 3 9 mg 
per hundred cubic centimeters and in serum 5 2 mg of 
serum calcium 9 5 mg and of serum phosphorus 3 1 mg , 
of plasma cholesterol 219 mg, of cholesterol esters 144 
mg , of lecithin 203 mg , of fatty acids 379 mg and of 
total fats 598 mg Many intracutaneous tests made with 
various antigens gave negative results , cutaneous reac- 
tions to whole wheat, oats, corn, rice and cocoa were 
slightly positive 

Subsequent Coinse — At each of five meals the patient 
had generous amounts of cocoa and whole wheat bread , 
no attack was produced Between July 5 and 9, 1939, 
he ate corn and rice at each meal On the afternoon 
of July 9 his left wrist began to throb and ache That 
night and the next morning it was slightly swollen, 
tender and stiff The wrist was incised The tendon 
sheaths of the extensor muscles of the thumb and of 
the extensor carpi radiahs muscle were found to be 
filled with a murky-Iooking fluid In view of the ten- 
donitis, the wrist joint was not opened Cultures of 
fluid on brain broth and blood agar remained sterile 
Histologic examination of sections from the tendovaginal 
sheaths revealed nonspecific inflammation Lymphocytes 
and a few polymorphonuclears were present about the 
small vessels and scattered throughout the fibrous fatt\ 
tissue (fig 13) 

Treatment — Histamine desensitization was begun, and 
the patient was dismissed July 19, 1939, to continue 
treatment at home 

Follow-Up Study — In September 1939 the patient 
wrote that he felt 50 per cent better , he thought perhaps 
this was due to the injections of histamine He was 
still having repeated attacks in various joints, but the> 
were not so severe He had been unable to connect his 
attacks with any food eaten In April 1940 the patient 
was still having painful attacks m the hips, knees or 
wrists with severe swelling, which lasted generalh three 
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or four days, occasionally a week He had had about 
SIX attacks since dismissal fiom the clinic, between 
attacks the joints still became normal 

Comment on Case 30 — Although we may hate 
pi ecipitated an attack by giving the patient corn 
and rice, the patient’s subsequent obsenations 
on food indicate that this was a spontaneous, 
not an induced, attack The character and 
pattern of attacks also suggested that allergic 
leactions of some soit weie repeatedl)^ affecting 
aiticulai and pei larticiilai (tendinous) tissues, 
but we weie unable to pio\c that the condition 
was allergic Results with histamine weie 
equivocal 


mterphalangtal joint of a finger, fifteen or more in the 
left knee, ciglit to ten in the right knee and in a meta- 
carpophalangeal joint, five or six in a terminal pha- 
langeal joint of a finger and three in the left wrist 
The feet had been affected on onl> one occasion, when 
after plajmg golf once his heel hurt so that he had to 
walk on the toes of tliat foot for a da\ 1 here, was 
no swelling It is possible that this si igle attack in a 
foot was not similar to the attacks elsewhere 
The attacks usually started in the afternoon First 
the joint became sore, then within a few hours it be- 
came swollen, red and tender Usualh a painful red 
region the si/c of a dime (1 to 2 cm ) appeared near 
the joint The joint ached and throbbed, pain and 
disabilit\ w ere notable but not sufficient to require nar- 
cotics or to put the pitient to bed Ii a knee was 
affected he limped, if a finger w'as nnohed, he could 



Fig 12 (case 27) — Character of the inflammatory reaction present in the tissues from the capsule of the 
swollen joint illustrated in figure 11 Fibroblasts arc proliferating actnely A few inflammatory cells, including 
polymorphonuclear leukocstes, are scatteicd about small \esscls Fins attack was subsiding clinically at the time 
the biopsy specimen was taken {a, X 170, b, X 700 ) 


Case 34 (table 1) — Case in zuhich articnlai biopsy 
zvas made betzveeu alfacls 

A man 33 3 'ears of age came to the clinic Nov 21, 
1939, because of recurrent “joint pains” for ten jears 
In 1929 the proximal interphalangeal joint of the right 
third finger suddenly swelled and became red and ten- 
der Having plaved baseball that day, he attributed the 
swelling to possible trauma, although he recalled no 
specific injury The joint recovered entirely in two 
days, but every one or two months since then he had had 
a short attack of acute arthritis involving certain joints, 
but only one joint at a time The attacks usually lasted 
twenty-four to fortj -eight hours and then disappeared 
entirely As a rule he has had six to eight attacks 
yearly, but in 1935 he had twenty attacks He esti- 
mated that he had had from eighty to a hundred 
attacks within ten j^ears about fifty in a proximal 


not tv pc The length of the attack varied , the shortest, 
in a finger, lasted twelve hours, the longest, in a knee, 
lasted four or fiv'e days The time between attacks 
generallj' was four to eight weeks, occasionally four 
months, and on certain occasions the patient had had a 
short chain of two (never more) consecutive attacks, 
a metacarpophalangeal joint being affected one day and 
a midphalangeal joint the next day 

On Oct 20, 1929, a month before his admission, the 
patient struck his left knee lightly against a knob in 
Ins automobile, the next day he noted a small red sore . 
spot at the left knee near the head of the fibula , 
the knee became swollen, warm, red, tender and painful 
for two days, for a few hours thereafter it was less 
painful and the patient drove a car 300 miles (482 kilo- 
meters) This made the knee sore again for a few 
hours The attack rapidly disappeared, and the knee 
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recovered fully within twenty-four hours Ten days 
before admission the patient’s left wrist became stiff 
and sore, a small, firm, freely movable nodule appeared 
“just beneath the skin” but disappeared within six 
days Ten or twelve times a red sore spot, “the size 
of a dime,” has appeared on the palm of either hand , 
unaccompanied by swelling, it remained sore for a few 



Fig 13 (case 30) — Histologic appeal ance of tissue 
from an inflamed tendovaginal sheath Nonspecific 
inflammation with lymphocytes and a few polymorpho- 
nucleai leukocytes is present about blood vessels and 
scattered thiough the fibrous fatty tissue (XdOO) 

hours and then disappeared They seemed to bear no 
time relationship to the articular attacks On six oi 
eight occasions a finger tip became sore and red for 
twenty-four to thirty-six hours 

Throughout the patient’s illness no constitutional re- 
action, fever, anemia or loss of weight had been noted, 
.and despite the scores of attacks the joints regained 
their normal appearance and full function 

Precipitating factors appeared to be slight trauma on 
the occasions noted and possibly foods, the patient sus- 
pected that onions and potato salad might have pre- 
cipitated attacks, but attacks had peisisted when he 
avoided these foods Numerous cutaneous tests with 
toods had all given negative results There was no 
personal or familial evidence of allergy, hay fever, 
asthma, hives or migraine Season and weather did not 
influence the attacks Most of the attacks appeared 
without obvious cause 

Past treatment had included alveolectomies, tonsil- 
lectomy, hot applications and various medicines, without 
relief The joints had been too painful to permit 
massage In August 1938 the patient took 350 grams 
(22 Gm ) of sulfanilamide within five or six days, but 
the next attack came after the usual interval 

Physical Evaminahon — On the patient’s admission 
physical examination gave essentially negative results 
The appearance and function of the joints were normal, 
and no cardiac lesion or focal infection was found 

Labotatory Data — A flocculation test for syphilis gave 
negative results The urine, hemoglobin content and 
total blood cell and differential counts (eosinophils 2 
per cent) were normal The concentration of unc acid 
{.aerobic technic) was 4 3 mg per hundred cubic centi- 


meters in whole blood and 5 4 mg in serum The con- 
centration of serum calcium was 10 1 mg per hundred 
cubic centimeters , of serum phosphorus, 2 7 mg , of 
plasma cholesterol, 252 mg , of cholesterol esters, 174 
mg , of lecithin, 238 mg , of fatty acids, 312 mg , and of 
total lipids, 564 mg The sedimentation rate on Nov 22, 
1939 was 6 mm in one hour, on November 30, during 
a mild attack, 30 mm Cutaneous tests with a large 
number of foods, pollens and other antigens and the cold 
allergy test all gave negative results except for a cuta- 
neous reaction of grade 2 to salmon 

Subsequent Couise — We attempted to provoke an 
attack by the use, on separate occasions, of 0 8 mg of 
histamine, given subcutaneously, 50,000,000 typhoid 
bacilli, given intravenously, and ergotamme tartrate, 0 5 
cc given twice on one day and 1 cc twice on the next 
day, but no attack occurred On Nov 26 and 27, 1939 
the patient received a general diet plus large amounts of 
onions, potatoes and potato salad No attack occurred 
on these days On November 28 a spot (2 by 2 cm in 
diameter) ovei the left thenar eminence was red and 
slightly sore, and the internal malleolus of the right 
ankle became slightly tender and slightly red These 
changes lasted for seventy-two hours They were not 
aggravated by a subcutaneous injection of histamine 
The patient then was given a diet rich in purines and 
fats for five days No attack was provoked by this or by 
two meals rich in salmon The uric acid content was 
3 4 mg per hundred cubic centimeters of blood before 
the high purine diet and 3 9 mg after five days of the 
diet 

On Nov 24, 1939, during a remission of the disease, 
the left knee was incised for biopsy, a piece of synovial 
membrane and muscle being removed The joint cavity, 
cartilages and so forth were carefully inspected grossly 
and appeared entirely normal Histologic examination 
levealed the synovial tissue and muscle to be normal 
(fig 14), despite the fact that there had been at least 
fifteen attacks in this knee Cultures of the removed 



Fig 14 (case 34) — Normal synovial tissue from the 
knee The biops}-^ specimen was obtained during a 
remission after at least fifteen attacks in this knee 
(X 150) 

pieces of synovial membrane and muscle on brain broth 
were negative 

FoUozv-Up Sfudv — The patient was dismissed Dec 
18, 1939, to be under the care of his physician at home 
We suggested that a food diary be kept and that the 
effects of ephedrine, ergotamme, histamine desensitiza- 
tion, histaminase, typhoid vaccine, Rosenow’s arthro- 
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tropic streptococcus vaccine and antigout therapy be 
investigated further In a lettei of April 1940, the 
patient wrote that he had had no tieatment since dis- 
missal and had had three mild attacks Each had lasted 
SIX to twenty-four hours, the joints then iccovered 
completely 

analysis or clinic 'il material 

Data on the frequency, duiation and outcome 
of the acute attacks in all 34 cases encountcied 
in eleven yeais (1928 to 1939) aie piesented 
in table 1 

Relative Incidence oj the Disease — Aftei case 

1 was noted by one of us (P S H ) in 1928, 
the disease was not seen (or lecognized) until 
1931 and 1932, when 5 and 3 cases respectnely 
were observed None were encounteicd between 
1933 and 1935, but since 1916 fioni 3 to 9 
typical cases have been obsened yeath Ihe 
lelative incidence of this disease accoidmg to 
Its present late of lecognition at the Mayo Clinic 
is, therefoie, about 5 or 6 cases in about 4,000 
to 4,500 cases of “rheumatism” (aiticulai and 
muscular diseases of all Apes) obsened jcail} 
by the clinic’s consultants on diseases of joints 
Thus the condition seems latliei laie, but the 
late of iccogmtion will probably mcicasc some- 
what ^ 

5’Ar Incidence — The incidence was lelatueh 
equal in each sex (15 males to 19 females) , this 
is a striking contrast to the sex incidence eithei 
of rheumatoid arthritis (among patients with 
which females pieponderate) oi ot gout (wuth 
w Inch males pi epondci ate notabh ) 

Age Incidence — The ages of the patients on 
admission varied fiom 21 to 73 yeais (aveiagc 
age 42) The ages of the jiatients at the onset 
of their disease vaiied fiom 13 to 68 years, the 
average age w'as 34 9 yeai s The disease of 

2 patients began at the age of 13 and 19 yeais, 
of 8, from 20 to 29, of 15, fiom 30 to 39, of 
6, fiom 40 to 49, of 1, from 50 to 59, and of 2, 
fiom 60 to 69 Thus in about 70 pei cent of 
the 34 cases the disease began when the patients 
were fiom 20 to 39 yeais of age 

Dwation of the Disease Puoi to Admission 
to the Chnic , Total Number oj Attacks — Prior 
to admission to the Mayo Clinic the patients 
had had their disease for from four months to 
twenty-five years The disease had been pi esent 
twenty-one to twenty-five years in 2 cases, six- 
teen to twenty years in 2, eleven to fifteen years 
in 4, six to ten years in 11, one to five yeais 
m 10, less than one year in 5 (but there had 

4 We encountered 4 more typical cases in 1941 , 
biopsy was made in 1 case between the patient’s attacks 
Articular tissues were grossly and histologically normal 


alieady been ten to one hundred and thirty at- 
tacks in each of these 5 cases) The 34 patients 
had had their disease for a total of about two 
Iiundied and foity-tw'o jears (average seven and 
tw'o-tenths years) 

The striking featuie of the disease was the 
gieat fiequency of ii regularly recurring short 
attacks, each with its complete symptomatic 
1 emission During their illness most of the pa- 
tients had had scores and several had had “hun- 
dieds” of attacks One patient (case 5), wdien 
asked to estimate how' many attacks he had had 
W'lthm seven years, replied, “hundreds, perhaps 
thousands Others replied, “hundreds— too 
many to remembei” or “too numerous even to 
guess at ” As stated, e\en the few' patients who 
had had the disease less than one yeai had 
aheady had fiom ten to one hundred and thirty 
attacks 1 hus in case 26 thei e had been tw enty- 
three attacks in four months, in cases 21 and 
29 ten and thirty'-two attacks i espectively' in 
nine months, and m cases 15 and 19, fifty and 
one hundred and thiity attacks in ele\en months 
Omitting cases 1, 4, 5 and 16, m wdiich theie had 
been unnumbered hundreds of attacks, the total 
estim.ited number of attacks m the lemainmg 30 
cases w as from 4 930 to 5,320 Thus the average 
liequcnc) was In the smallest leckonmg, about 
one bundled and sixty -foui attacks per patient 
during an a^erage of about seven years of dis- 
ease, that is. an average of about twenty-thiee 
attacks each year Adding the 4 cases in which 
there had been “hundreds” of attacks, it is sate 
to say that the 34 patients had suftered about 
7 500 attacks during their two hundred and 
foity-tw'o yeais of disease, despite this the pa- 
tients insisted that then joints ahvays legained 
their 1101 mal appearance and function, a fact 
borne out by oui own observations 

Geneial Fiequency oj Attacks — The chaiacter 
of the individual attacks did not vary much, but 
the frequency' and regularity' of attacks varied 
gieatly The disease had notably changed its 
pace m 4 cases In case 1 there had been almost 
daily attacks foi tw'o veais and thereafter only 
foui or liA'e a y'ear In case 20 attacks came 
only three or four times a yeai at first and later 
weekly One patient (case 32) had about two 
attacks a year for eight years , then the attacks 
stopped for six years , thereafter for eleven yeais 
he had two to foui attacks yearly In case 33 
attacks came twice monthly at first and later 
almost daily' Thus the pace of the disease 
quickened notably in some and slowed in others 
In most cases, how'ever, the pace of the dis- 
ease had been relatively' unchanged To show' 
frequency of attacks at the time of admission, ^ 
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the cases aie tabulated (table 2) Nine patients 
were baAung few attacks, fiom two to ten, each 
yeai , 10, from eighteen to thirty-five, 7, fiom 
fifty to sixty, and 8, one hundi ed to two hundi ed 
and fifty oi more Of the last 8 patients, 5 ^\ ere 
having attacks almost daily They would escape 
an attack on some days , at othei times they had 
a new attack ever}^ day, usuall} in a diffeient 
site from that of the day befoie But even when 
the same joint was affected on tw'O or moie suc- 
cessive days the i>atients lecognized the ln^olve- 
ments as sepaiate “attacks,” because for at least 
a few hours each attack cleaied up completely, 
leaving the joint ‘Svell” until the next attack 
These patients commonly stated that all morning, 
foi example, their joints weie entiiely normal, 
then suddenly in the afternoon a joint would 
become sw'ollen, red, painful and disabled, the 
involvement lasting a few houis and then dis- 
appearing completely in the eiening oi night 
E\ en if some houi s oi a day oi tw'o later another 
or the same joint was suddenly mvohed, their 


Table 2 — Appi oxmatc Frequency and Gcncial Dura- 
tion of Aliacks on Patients’ Admission 


Approximiitc Number of 
Attacks Each Tear 

Cases 

Duration of 
Mtacks, 
Dajs 

Cn'es 

2o0 or more * 

5 

1 or less 

0 

150-200 

2 

1 2 

IS 

100 

I 

23 

4 

50 CO 

4 

14 

2 

35 

3 

84 

1 

25 

o 

4 3 

1 

IS 

2 

30 

1 

8-10 

i 

“A few" 

r> 

6-8 

o 

•‘Scrernl" 

1 

25 

5 




* Almost dnily 


conception of these shoit, isolated bouts as indi- 
vidual attacks seems justified 

DmaUon oj Attacks — The usual duration of 
the attacks is given m table 2 In 76 per cent 
(26) of the cases the attacks usually lasted only 
from a few hours to thiee days Despite then 
short duration, some of the vei}' short attacks 
were painful The minimal length of attacks 
w'as three hours in case 20, four hours in case 18 
and six hours in cases 13, 19, 22 and 23 The 
maximal duration of attacks was twm days in 10 
cases, three days in 7, four days in 5, five days 
in 1, about one week in 6, ten days in 1 and three 
weeks in 1 (m this case [case 27], howevei, 
many attacks lasted only a few hours) The 
maximal dui ation was unstated in 3 cases Thus 
m 67 pel cent of the cases the longest attacks 
lasted only fiom two to five days Attacks 
longer than a week w'ere exceptional 

Length of Intervals Between Attacks — So 
varied and irregular w^as the pace of the disease 
in these cases that the intervals between attacks 
differed materially in different cases and from 


time to time m the same case Most of the 
patients could not predict wdien the next attack 
would occur , in this disease thei e was no regu- 
larity to the attacks as in intermittent hydrar- 
throsis The usual lnter^al w'as as follow^s only 
a few houis (one day or less) m 4 cases, one 
to tw’o days in 2 cases, tw'O to six days in 5 
cases, about one to twm weeks m 9 cases, “a few 
days” in 3 cases, one to tw'O months in 5 cases, 
two to four months in 3 cases, three to six 
months in 1 case and unstated in 2 cases In 5 
cases the intervals weie on occasion (but not 
usually) faiily lengthy six months in cases 21 
and 32, eight months in case 2 and a jear in 
case 12 Having had two attacks yearly for 
eight }cais, 1 patient (case 32) experienced a 
spontaneous remission for six years before 
attacks returned 

Numhci of Jowls Involved in an Attack — 
The number of joints affected in an attack was 
“usuall)’’ only one” in 29 cases, ‘one or tw’o” in 
2 cases, from one to fliree in 1 case, tw’o in 1 
case and from one to four in 1 case The maxi- 
mal number of joints affected in any one attack 
was one m 7 cases, two in 4 cases, three in 6 
cases, three to four in 1 case and foui or more 
in 7 cases , it w'as unstated in 9 cases In sum- 
maiy, the great majoiity of attacks were monar- 
ticular, 29 patients usuall\ had only one joint 
affected , of these 29 patients, at least 7 never 
had more than one joint involved in any one 
attack 

Joints Involved — The disease was ubiquitous, 
almost an) joint in the body w’as liable to an 
attack At one time or another all patients 
experienced involvement of various finger joints, 
proximal interphalangeal joints most often, meta- 
carpophalangeal less commonly and terminal 
phalangeal joints occasionally The dorsum of 
the hand w'as often affected The knees were 
affected at one time or another in 32 cases, the 
feet (vaiious sites) in 25, the wrists m 23, the 
shouldtis m 22, the ankles m 17, the elbow's 
111 16, the jaw's m 6, a stei noclavicular joint 
in 2 and ceivical lertebral joints in 1 No 
patient specifically noted involvement of the 
lumbai or thoiacic portion of the spinal column 
but 1 patient said his “spine” had been affected 
(unfortunately oui recoid does not specify the 
site) Most of the patients had had fiom four 
to six (others had had from eight to eleven) 
different joints separately affected But in 1 
case (case 28) only two sites, the fingeis and 
knees, had been involved during three hundred 
attacks 

Joints Most Often Affected — Patients repeat- 
edly noted that, although any one of many joints 
had been affected during the years of their dis- 
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ease, 80 to 90 per cent of then attacks had 
involved one, two oi three favorite sites Joints 
most frequently affected were (in older of fre- 
quency) those of the fingers (proximal phalan- 
geal or metacarpophalangeal, only occasionally 
terminal phalangeal), wrists, shoulders, knees, 
toes and elbows The metatarsophalangeal joint 
of a great toe was the favorite site of attacks in 
2 cases (cases 1 and 12) 

further characteristics of the 

ARTICULAR ATTACKS 

Twie of Onset — In most cases attacks began 
any time of day or night Two patients noted 
their attacks geneially on waking at the usual 
morning hour, but 16 patients stated that most 
of their attacks came in the late afternoon or 
evening Because of the vesperal nature of these 
attacks we missed seeing several of our out- 
patients duiing attacks which had practically 
disappeared by the next morning In other 
cases in which such vespeial attacks occuried, 
we had to make special arrangements to obtain 
photographs or biopsies out of hours or to note 
the effect of such a medicament as epinephrine 

dim acter of Onset — The onset of attacks was 
generally described as sudden, 2 patients said 
their attacks developed instantaneously Pam 
and swelling developed rapidly and were notable 
within “a matter of minutes” in 2 cases, within 
a half-hour m another case and within an hour 
or so in the others 

Rapidity of Progression — All attacks reached 
their maximal severity rapidly in 2 cases within 
twenty-four hours and much more rapidly m the 
others The maximal severity was generally 
reached m 1 case within half an houi, in 2 cases 
within one hour, in 4 cases within two hours, 
in 5 cases within twm to four hours and m the 
rest “within a few hours ” 

Seventy and Chaiactei of Pain — Pam varied 
considerably from case to case and m a given 
case from one attack to another In 4 cases the 
pain was usually mild oi moderate “a deep 
steady or throbbing ache” , “a mild throbbing 
soreness” , an “ache like a bad bi uise ” In most 
cases the pain was generally severe “a severe 
ache” , “pain like a jumping toothache ” One 
patient said hei joints w^ere “bui sting with pain 
and too sore to touch ” Several patients char- 
acteiized the pain as “bursting,” “a throbbing, 
knifelike pain” oi a “tight, agonizing pain ” 
One patient felt “as if my joints were grabbed 
wuthin 11 on tongs ” The pain was called “excru- 
ciating” by 3 patients and “vicious” by another 
One patient w^as “almost delii lous” wuth the pain 
Tw'o patients (cases 19 and 21) had mild or 


moderate pain in many attacks but m others 
required morphine for relief 

In some cases the pain was moie severe m 
the daytime, m 2 cases it was worse “in the 
evening”, m some cases it was equally seveie 
day and night, but m others it w^as at its maxi- 
mum during the night and seiiously mterfeied 
with sleep 

Redness and Sioelling — In 5 of the cases the 
periarticular skin generally was not discolored 
dm mg attacks, but m the othei 29 cases aiticular 
redness of variable degree was present It was 
often moderate but sometimes was pronounced 
“dark led”, “fiery red”, “as red as a straw- 
berry ” 

Articular swelling vaiied notably, depending 
on the seventy of the attack The usual swell- 
ing was mild in only 4 cases and more severe 
m the lest Particularly when finger joints were 
affected the swellings “flattened out the skin,” 
“ironed the wrinkles out” or made the skin 
“tense,” “shiny” or “waxy” 

Degree of Disability with Attacks — The dis- 
ability was mild or modeiate m some cases and 
m some attacks, but it was generally considerable 
and limited the patient’s activity When joints 
of the upper extremities weie affected, several 
patients could not dress themselves or work 
efficiently, they did their housework with diffi- 
culty, if at all, and “could not type” oi play 
the piano Some patients had to hold the hand 
01 aim still, put it m a splint or move the affected 
hand with the other hand When a foot or knee 
was affected some patients weie only modeiately 
disabled and could walk about m a slipper, per- 
haps with a limp Some patients kept off their 
feet but were not actually confined to bed, 14, 
howevei , were so disabled they usually had to go 
to bed during attacks One patient (case 18) 
was “completel}'^ disabled and couldn’t do a 
thing,” although her attacks weie brief (four to 
thirty-six hours) A physician (case 20) con- 
sideied several of his attacks sufficiently dis- 
abling to requiie hospitalization 

Constitutional Reactions Fever, Loss of Ap- 
petite 01 Weight — Theie was little if any con- 
stitutional leaction during attacks Despite their 
frequent severity they were afebrile Although 
many of the patients had one or moie attacks 
while under our observation, not one of them 
had fever therewith, including the one (case 16) 
who while under our observation had fifteen 
attacks within twenty-seven days 

Loss of appetite and weight are rather char- 
acteristic features of rheumatoid arthritis, but 
anorexia vas not present in any of these cases 
Tr\enty-fi\e (74 per cent) of the 34 patients 
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had not lost weight (indeed some had gained 1 
despite hundreds of attacks dui ing then one hun- 
dred and sixty-eight yeais of illness 

It would appeal, therefoie, that significant 
loss of weight IS not a chaiacteiistic featuie of 
the disease 

Involvement of Paia-AJ) Lcnla/ Soft Tissues 
Paia-Aithutis — Ten (29 pei cent) of the pa- 
tients experienced lecuiiing swellings of paia- 
articular soft tissues Some patients did not 
distinguish them cleaily fiom the involvement 
of articulai and pei lai ticular tissues, because the 
para-articular swellings were often close to joints 
and often appealed dining the aiticulai attacks 
Other patients caiefully distinguished between 
the sites of attacks The attacks of para-arthiitis 
weie lecurrent but much less fiequent than the 
articular attacks Usually the paia-arthntis 
appeared as a minor pait of an articular attack, 
but the site of the foimei was often i emote from 
the site of the latter Sometimes the para- 
aithiitis appealed nithout simultaneous arthiitis 
The attacks of pai a-arthi itis generally came on 
rather suddenl}, sometimes “out of a clear slc)^” 
or “within five minutes” and at other times more 
slowly The size of swellings varied from the 
size of a dime ()4 inch [1 9 cm ] in diamctei) 
to consideiabl) laigei Redness was usually 
piesent, sometimes faint and at othei times 
“fiery ” Pam was sometimes mild but often 
severe, in cases 2 and 19 it was sevcie enough 
to require naicotics foi relief We observed one 
nocturnal attack involving the soft tissues of the 
upper part of an aim (case 28) in which the 
patient walked the floor because of severe pain 
Slight pitting was occasionally piesent, but gen- 
erally the swellings were rathei firm and tender 
and did not pit appreciably The attacks of 
para-arthritis lasted usually fiom six to twenty- 
four hours and then disappeared entirely 

Seven of the ten patients with paia-aithritis 
(cases 5, 14, 16, 20, 25, 28 and 34) experienced 
such attacks while under our observation, some- 
times with arthiitis and at othei times as isolated 
episodes without aithritis The lesions we saw 
varied considerably m diameter (fiom 1 to 1^4 
inches or more [2 5 to 3 8 cm ] ) and were usually 
red, tender and slightly elevated above the sur- 
rounding tissues They disappeared within a few 
hours The lesions in case 16 have been de- 
scribed in detail (figs 2 h and 3 a) These 
para-articular lesions were not notably affected 
by injections of epinephrine 

The lesions were, in our opinion, not truly 
those of angioneurotic edema or urticaria, 
although they resembled them somewhat A 
deiniatologic colleague described the lesions near 
a heel m case 5 as being “of an urticarial type,” 


"not necessarily an allergic disease ” The lesions 
of urticaiia aie characterized by the sudden ap- 
pearance of smooth, slightly elevated patches 
somewhat whiter than the surrounding skin" 
Those of angioneurotic edema may be tense and 
elastic or soft and pitting , the overlying skin mai 
or may not be pink or dusky red ° The two 
conditions are closely i elated or according to 
some, identical Some physicians consider 
angioneurotic edema to be a form of giant urti- 
caria which tends to be localized to certain 
susceptible tissues and recurs in situ Both urti- 
caria and angioneurotic edema may produce 
Itching, burning and stinging, but their lesions 
are not particularly tender or painful Because 
the paia-articular lesions present in our cases 
weie generally tender and painful (sometimes 
narcotics were required for relief), we regarded 
them as distinctive lesions 

The sites of these para-ai ticular swellings 
weie, like those of the aithritis, varied, }et 
curiously consistent m that several patients 
described swellings identically situated Usually 
onl) one and occasionally two or three sites i\eie 
imolved m each attack of para-arthntis The 
sites of these paia-articular lesions were as fol- 
lows (in the Older of fiequency by case, not bj 
attacks) internal oi external malleolus in 4 
cases, bottoms of the heels in 3, finger pads or 
distal phalanges m 3, the flexor surface of a 
forearm just proximal to the wiist (fig 2 b) in 
3, thumb pads (fig 3 o) in 2 and the dorsal 
suiface of a foiearm just pioximal to a iMist 
111 2, in 1 case each, a forearm just distal to 
the elbow, “anywhere on the palm of the hand ’ 
the left thenar eminence, the middle portion 
of the upper part of an arm, the medial aspect 
of the right thigh, the lateral aspect of a knee 
a knee neai the popliteal space, and the achilles 
tendon 

In case 26 dining many of the ai ticular attacks 
a curious hoarseness without signs of a cold 
developed Because of Sohs-Cohen’s ^ experi- 
ence in 1 case we wondered whethei the attacks 
of hoaiseness might lepresent swellings of the 
cricoarytenoid caitilages analogous to those of 
articular and para-articulai tissues 

Inti acutaneous oi Subcutaneous Nodules — 
The nodules in case 16 have been described (figs 
la, 3a, 5 and 7) In 2 othei cases theie were 
nodules One patient (case 9) stated that with 
certain of her articular attacks localized asym- 
metric nodules developed in thumb pads or on 

5 Borland, WAN The American Illustrated 
Medical Dictionary, ed 19, Philadelphia, W B Saun- 
ders Company, 1941 

6 Cecil, R L A Textbook of Medicine, ed 5, 
Philadelphia, W B Saunders Company, 1940 
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fingeis between joints They weie “smallei than 
a pea” and disappeaied with the arthritis She 
had none while at the clinic In another patient 
(case 34), who fiequently noted small, red, 
tendei palmar “soie spots,” a small, firm, freely 
movable subcutaneous nodule developed near 
a wi ist , it disappeared m six or seven days 

Relahonsinp of the Vauous Lesions — The 
thiee more common reactions, those m articular, 
penal ticular and para-articulai tissues, certainly 
appear to be closely related The fourth, oi 
laiei, reaction, that producing nodules in intia- 
cutaneous oi subcutaneous tissues, is also prob- 
ably a part of the symptom complex Perhaps 
It IS merely coincidental, but more likely it is a 
feature of the more severe foims 

SUMMARY OF LABORATORY DATA 

Hemoglobin, Eiythi ocytes. Leukocytes — 
Normal values for hemoglobin (for males 14 to 
16 7 Gm and foi females 13 5 to 15 Gm per 
hundred cubic centimeteis of blood) and foi 
eiythrocytes (for males 4,500,000 to 5,000,000 
and foi females 4,000,000 to 4,500,000 per cubic 
millimeter of blood) were present in 29 (85 per 
cent) of the 34 cases Two men had slight 
leductions in eiythrocytes (case 2, 4,450,000, 
case 32, 4,370,000) but normal values for hemo- 
globin One woman (case 12) had a slightly 
subnormal value for hemoglobin (13 3 Gm ) 
but a normal number of erytlii ocytes Only 2 
patients had significant anemia One, a woman 
(case 4), had 3,810,000 eiythrocytes per cubic 
millimeter of blood and 12 3 Gm of hemoglobin 
per hundred cubic centimeters , the other, a man 
(case 20), had 4,010,000 erythrocytes and 12 9 
Gm of hemoglobin , he had active coronary dis- 
ease of which he died eight months later 

Total leukocyte counts made between attacks 
weie normal (5,000 to 8,000 per cubic milli- 
meter of blood) in 21 cases (62 per cent) They 
weie slightly subnormal (3,800 to 4,700) in 3 
cases (cases 22, 25, 32) and slightly elevated 
(9,100 to 16,800) m 10 (cases 10, 14, 15, 17, 
18, 20, 24, 30, 33, 34) Total leukocyte counts 
made between attacks were normal in 12 cases, 
slightly low m 1 case and slightly elevated (9,500 
to 12,400) in 6 cases Similar counts made 
dui mg attacks were normal in 4 cases and slightly 
elevated in 2 (9,600 to 12,400) In other words, 
the total leukocyte counts weie generally normal 
both duiing and between attacks but were occa- 
sionally slightly 01 model ately elevated either 
dm mg or between attacks 

Difierential counts made in the intervals be- 
tw een attacks were normal in 9 cases and 
levealed slight lymphocytosis (36 5 to 48 pei 
cent) 111 9 and lelative (and total) poljmiorpho- 


nucleai leukocvtosis (75 to 88 pei cent) in 2 
In only 3 cases weie the peicentages of eosin- 
ophils increased, and then but slightly (5 5, 6 5 
and 10 5 pei cent) Diffeiential counts made 
during an attack were normal in 3 cases (mild 
or subsiding attacks) and levealed slight rela- 
tive lymphocytosis m 2 cases and relative poly- 
moi phonuclear leukocytosis (68 to 72 pei cent) 
in 3 Eosinophils weie not inci eased in any case 
duiing an attack 

Counts of nonfilamented and filamented leuko- 
cytes were made in 12 cases The percentage 
of nonfilamented cells was slightly increased 
(17 5 to 25) m 5, mci eased to 34 5 m 1 case 
(case 29) during a remission and normal (16 or 
less) m the rest 

In summary, total and difterential leukocyte 
counts were often noimal both during and be- 
tween attacks, but theie was a tendency toward 
1 elative lymphocytosis between attacks and either 
relative lymphocytosis or polymorphonuclear 
leukocytosis without eosinophiha during attacks 

One patient (case 16) seen both duiing and 
between attacks generally had mild relative 
lymphocytosis at both times Another patient 
(case 19) had moderate lymphocytosis (48 pei 
cent) with 13 pei cent of the leukocytes non- 
filamented cells between attacks and i elative 
polymorphonucleai leukocytosis (68 pei cent) 
with 23 per cent of the leukocytes nonfilamented 
cells during an attack, but the total leukocyte 
counts were noimal thioughout In case 28 
differential counts were noimal between attacks 
and relative polymorphonuclear leukocytosis (71 
to 72 per cent) was present during each of two 
attacks, the total leukocyte counts were always 
normal 

Blood Uuc Acid — The concentration of blood 
uric acid was normal (16 to 4 5 mg per hun- 
died cubic centimeters of whole blood) m 28 
of the 30 cases in which it was estimated (table 
1) In 2 cases the blood uric acid was slightly 
elevated 4 9 mg in case 11 and 4 8 mg in case 
20, in which heart disease was present The 
average value of 32 tests done on 30 patients 
was 3 4 mg per hundi ed cubic centimeters of 
whole blood Uric acid partitions (aerobic 
technic) in 6 cases were normal (table 3) 

Miscellaneous Tests on Blood — The concen- 
trations of vaiious chemical constituents were as 
follows Serum calcium was estimated in 13 
cases, and the quantity was normal in all Phos- 
phorus was normal m 5 cases and slightly ab- 
normal in 4 (2 7, 2 8, 4 4 and 2 6 mg per hun- 
dred cubic centimeters of serum) Phosphatase 
was normal in 3 cases Cholesterol was normal 
(160 to 200 mg per hundred cubic centimeters 
of plasma) in 2 cases and somewhat elevated 


312 


ARCHIVES OF INTERNAL MEDICINE 


(225 to 315 rag) m 9 Cliolesteiol esteis were 
normal (110 to 145 mg per lumdied cubic centi- 
meters of plasma) in 1 case, slightly elevated 
(167 to 198 mg ) m 7 cases and definitely ele- 
vated (277 mg ) m case 27 Lecithin was 
normal (200 to 250 mg pei hundred cubic 
centimeters of plasma) m 5 cases, slightly low 
(187 mg ) m 1 case and slightly high (260 to 
266 mg ) in 3 cases Fatty acids were normal 
(335 to 350 mg per hundred cubic centimeters 
of plasma) m 1 case and slightly low (280 and 
312 mg ) m 2 cases, but were inci eased in 7 
(368, 379, 388, 404, 436, 439 and 569 mg ) 
The total hpids weie estimated in 10 cases and 
weie normal (500 to 550 mg per hundred cubic 
centimeters of plasma) in none, they were low 
(455 mg ) in case 16, during a mild attack, ele- 
vated (558 to 884 mg ) m 9 cases (case 21, 448 
mg , case 25, 640 mg , case 27, 884 mg , case 28, 
709 mg , case 29, 703 mg , case 30, 598 mg 
case 32, 641 mg , case 33, 629 mg , case 34, 564 

Table 3 — Concentiahon of Urtc Acid tn Whole Blood, 
Plasma and Serum 


Unc Acid, Mb Bcr 100 Cc 

i~ — ■ ' ' ~ < 


Case 

Whole Blood 

Plasma 

Serum • 

16 1 

31 

44 

SO 

19 

38 

40 

52 

29 

27 

28 

30 

30 

39 


62 

33 

37 

60 

63 

34 

43 


54 


* Aormal less than 6 mg: 

t The uric acid was estimated in this case during an attack, 
m the other cases, between attacks 

mg ) In 8 of these 9 cases, the tests weie done 
between attacks Further studies will be made 
to determine the significance of this moderate 
hyperlipemia 

Efythrocyte Sedtinentation Rates — Estima- 
tions of the sedimentation late were made in 25 
cases (table 1) The rate was normal (less than 
20 mm in one hour, Westergren method) in 10 
(40 per cent) of these cases, slightly increased 
(20 to 40 mm ) in 12 and moderately increased 
(40 to 54 mm ) in 3 Rates detei mined between 
attacks were normal in 8 cases and slightly to 
moderately elevated in 4 Rates determined 
during 01 just after attacks were generally but 
not always slightly increased The tendency for 
rates to be noimal between attacks but slightly 
increased dm mg attacks is illustrated by the 
figuies of cases 14, 17 and 34 (table 1) In case 
16 the rate was 10 mm befoie an attack and only 
12 mm during an attack Among those cases 
m which rates were normal were some in which 
from one to several attacks a week were occur- 
ring and scores to hundreds of attacks had 
occur! ed The average sedimentation rate for 
the 33 tests done on the 25 patients was only 


24 mm (a much lower average than that m 
rheumatoid arthritis) Apparently the disease 
provokes only model ate and transient elevations 
in the sedimentation rate 

Unnalyses and Wassei inann Tests — These 
gave normal results m all cases 

Roenfffenogjams — Just as these patients did 
not have symptomatic residues despite then 
repeated attacks, roentgeiiographic residues did 
not develop in joints Of the 164 roentgen- 
ogiams of various joints made in the 34 cases, 
150 (91 pei cent) revealed nothing significant, 
the lemaining 14 (9 per cent) showed changes 
regarded as unrelated to the chief complaint 
The noimal roentgenograms were of 44 hands, 
20 wrists, 15 elbows, 10 shoulders, 17 feet, 14 
ankles, 24 knees, 4 hips and 1 cervical portion 
and 1 lumbar portion of the spinal column In 
many of these regions dozens, even scores, of 
attacks had occurred, not only were there no 
abnormalities in articular spaces or contour but 
theie was no general or local decalcification 
In some cases we took roentgenograms of as 
many as eight to twelve joints of a single patient 
yet found none that revealed anything significant 

Of the 14 roentgenograms that showed signi- 
ficant changes, 3 levealed simply alterations due 
to bunions , 2 revealed exostotic changes on the 
dorsa of great toes of 2 eldeily patients, a not 
uncommon finding among elderly persons The 
changes m 6 roentgenograms ivere interpreted as 
simply due to coincidental osteoarthritis (hyper- 
trophic, senescent) as follow's in the hip and 
thumb bases of a man 73 years old (case 20) 
who had never had recurrent acute arthritis in 
his thumbs , in a hip of an obese ivoman aged 63 , 
in a knee of a man aged 59, and in the fifth and 
sixth cervical lertebrae (the usual site for 
osteoarthiitis of the neck) of an elderly woman 
One patient who had had 60 recurrent attacks 
of acute arthiitis of the hands, knees and shoul- 
deis showed no objective changes in these joints 
and no i oentgenographic changes of his hands, 
a foot (in which he had not had acute lecurrent 
aithiitis) shoived maiked osteoporosis, he had 
injured this foot twm months before and had had 
It in a cast A woman aged 69 (case 29) had 
had acute lecuiient arthritis three or four times 
in each shouldei and twenty or more times m hei 
fingeis and wrists , roentgenogiams of the hands, 
the wiists and the right shoulder were normal, 
that of the left shoulder revealed calcified sub- 
deltoid bursitis The roentgenograms of a 
woman (case 12) who had had about sixty short 
acute attacks involving an}'' one of many joints 
shoived no articular changes in the elbows, 
hands, wiists, feet, knees or left shoulder, but 
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there ^^as notable loughenmg of the right 
acromion process , hei history revealed that 
she had twice had a painful right shouldei for 
thiee months each time, an affair m contrast to 
her chief complaint of acute shoit lecurrmg 
attacks m othei joints 

These few evidences of definite articulai oi 
osseous change give little support foi the idea 
that the acute recurient aithritis we are describ- 
ing produces significant aiticular damage reflect- 
ible in roentgenograms Since moie than 90 
per cent of all the roentgenogi ams of these 
patients failed to show abnormalities after a 
total of many decades of illness and hundreds 
of attacks, it must be concluded that the few 
aiticular changes noted were coincidental When 
the temporary seventy of the clinical symptoms 
and of the histologic leactions is considered, it 
IS indeed surprising to find no significant roent- 
genographic residues 

COMMENT ON PATHOLOGIC CHANGES 
OBSERVED 

Our opportunities to study the pathologic 
changes of palindtomic rheumatism have been 
limited to such gross observations as could be 
made at the time of biopsies and to histologic 
study of a few small fragments of tissue We 
must acknowledge, theiefore, that this experi- 
ence may not have been sufficient to provide a 
complete picture of the pathologic processes 
which occur m this disease When more ma- 
terial has been examined, some of our impres- 
sions regarding these pathologic processes may 
need revision 

The observations made to date may be sum- 
marized as follows 

During an acute attack involving a joint theie 
is lapid onset of acute inflammation with peii- 
aiticular edema and gioss thickening of the cap- 
sule of the joint Polymoiphonucleai leukocytes 
appear within the synovial membrane m laige 
numbeis, but eosinophils do not appear m sig- 
nificant numbeis A fibnnopmulent exudate 
may appear within the cavity of the joint As 
the attack subsides the exudate is absorbed from 
the synovial fluid and the inflammatory cells 
deal flora the synovial membrane Then a brief 
period follows dm mg which fibi oblasts piolif- 
erate actively in the capsule and synovial mem- 
biane, but as the attack subsides the signs of 
inflammation m the capsule and synovia clear 
lapidly, and eientiially the joint structuies re- 
turn to normal 

Dm mg intervals between attacks gross and 
histologic examination of joint tissues reveals no 
significant evidence of inflammation 


Tendon sheaths may be affected by similar 
sudden inflammation During such an attack 
the walls of these structuies show a nonspecific 
inflammatory piocess and excess fluid appears m 
the tendovagmal space Cultures of this fluid 
and of the tissues fiom affected joints have re- 
mained sterile The tendon sheaths, like the 
joints, are capable of returning to normal after 
the attack subsides 

The pathologic changes noted m these joints 
differed from those of rheumatoid arthritis in 
that no pannus was formed in the cases of 
palindromic rheumatism and no cartilage was 
destroyed Furthermore, the inflammatory reac- 
tion within the capsular structures cleared com- 
pletely once the attack subsided, a phenomenon 
we should not expect m rheumatoid arthritis 
The follicle-like collections of lymphocytes be- 
lieved by Allison and Ghormley ' to be char- 
acteristic of the reaction m synovial membrane 
111 cases of rheumatoid arthritis weie not present 
m the synovial tissues in the cases of palindromic 
arthritis 

A subcutaneous nodule presented the histo- 
logic reaction of low grade nonspecific inflamma- 
tion Necrotic central zones surrounded by 
palisaded reticuloendothelial cells characterize 
the subcutaneous nodules of rheumatoid aithritis 
but were absent from this nodule Nor did it 
show the fibrinoid degeneration or collections of 
cells resembling Aschoff bodies which are char- 
acteristic of the subcutaneous nodules of rheuma- 
toid arthritis The necrotic zones containing 
crjstals of sodium urate which are characteris- 
tically present m the subcutaneous tophi of gout 
weie not m evidence 

We cannot draw conclusions as to the pos- 
sibility of the allergic natuie of palmdiomic 
rheumatism from oui histologic studies It 
would be possible to point to certain similaiities 
between the reactions we noted and the reported 
histologic leactions of urticaiial wheals Appar- 
ently a rapid exudation of fluid and inflamma- 
tory cells occuis in both conditions Furthei- 
more, complete and rapid resolution of the 
pathologic process may take place repeatedly m 
both conditions The proliferative features noted 
in oui specimens are not seen in the histologic 
reactions of wheals, and even were we to accept 
Avithout question the similaiities of these two 
processes we still should be doubtful as to 
whether palindromic rheumatism lepresents an 
alleigic process, because many infoimed derma- 
tologists today hold that urticaria is often a 

7 Allison, N, and Ghormley, R K Diagnosis in 
Joint Disease A Clinical and Pathological Studv of 
Arthritis, New York, William Wood &. Compan.v, 1931 
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manifestation of an infectious lather than an 
allergic process 

True dermatologic allergy is probably best 
exemplified m the expeiimen tally produced 
Arthus phenomenon, as described by Gerlach- 
Basel,® who did not find any specific histologic 
features and paiticulaily denied the piesence of 
eosinophils m his material 

From these considerations, we can conclude 
only that palindromic rheumatism is caused by 
some unknown iiritant 

FACTORS PREDISPOSING TO OR 
PRECIPITATING ATTACKS 

Season and JVeathci — In geneial attacks 
bore no seasonal relationships Only 7 of the 
patients seemed affected by seasons , attacks were 
more common in winter in 2, in spring in 2, in 
summer in 2 and in autumn in 1 

Apparentl);- in only 4 cases were attacks more 
fiequent oi seveie m cold, damp weather, the 
other patients noted no influence of weather on 
their disease 

This relative absence of effect of season and 
weather on this disease is in notable contiast to 
conditions m rheumatoid arthritis 

Menses — Three of the 19 female patients 
believed that then attacks were somewhat worse 
during menses, the lest saw no definite men- 
strual influence 

Woik, Fatigue, Tiauma — In 2 cases attacks 
were said to be precipitated occasionally by ovei- 
woik The influence of work seemed especially 
definite in case 16, as described The patient, 
a woman, did not entirely escape attacks when 
resting She had mild attacks in the hospital 
when at rest and more severe attacks after delib- 
erately spending long hours at occupational 
therapy This state of affairs continued after 
she returned home, where also work seemed to 
be a dominant factor in the location and severity 
of attacks Nervous oi physical fatigue m 2 
cases and slight trauma in 4 (for example, grip- 
ping the wheel of an automobile for several 
hours, a slight biuise) seemed to induce attacks, 
but in most cases neither work nor tiauma was 
considered related to attacks 

Injection — None of the patients related the 
attacks to any acute exogenous infection, and 
only 1 patient considered an infected focus 
(prostatitis) definitely related to attacks 

Food Sensitivity — ^The majority of the pa- 
tients could offei no explanation for their 
trouble, but 16 of them made a common sugges- 

8 Gerlach-Basel Ueber Beziehungen der Enfzund- 
ung zum anaphylaktischen Zustand, Verhandl d deutsch 
path Gesellsch 19 126-131, 1923 


tion, that soonei oi latei they had come to sus- 
pect- the factor of food poisoning or food sensi- 
tivity They had each selected one or more 
foods as possible offendeis, these they had 
avoided for varying periods But when, despite 
this, attacks had continued, most of the patients 
had given up the idea, particularly because they 
found they could often eat the supposed offender 
with impunity A few' patients still held the 
notion, with varying degrees of conviction, that 
the attacks w'ere related to food, but no one 
had been able to prove the point The foods 
incriminated belonged to no one food gioup and 
need hardly be listed 

authors' INVESTIGATIONS ON ETIOLOG\ 

When one of us (P S H ) noted his first 
case of this condition, in 1928, and considered 
the nature of the attacks, their irregular fre- 
quency, sudden onset, short duration and com- 
plete remissions despite then relatne violence 
the idea that they might repiesent some type of 
allergic reaction seemed attractive In recent 
j'eais several types of “allergic arthritis,” gen- 
erally chronic polyarthritis, sometimes acute 
monoarthritis or polyaithritis,® have been de- 
scribed But no type of “allergic arthiitis” has 
been definitely established, and the allergic na- 
ture of the conditions in the reported cases gen- 
erally has been regarded as not proved We 
share this opinion because no incontrovertible 
evidence has been offered to indicate that the 
allegedly allergic acute or chronic arthritis could 
be consistently prevented or significantly modi- 
fied by avoidance of the supposed antigen or that 
attacks could be repeatedly provoked by pre- 
scribing the antigen Notwithstanding such 
skepticism, we reasoned that if there ivere such 
a thing as true allergic arthritis, peihaps this 
was it Therefore, certain clinical and thera- 

9 (c) Boemer, L C Infection, Arthritis and 
Allergy with an Allergic Dietary Regimen, Illinois M J 
75 474-475 (May) 1939 (6) Hench, P S Bauer, W , 

Dawson, M H , Hall, F , Holbrook, W P , and Key, 
J A The Problem of Rheumatism and Arthritis 
Review of American and English Literature for 1937 
(Fifth Rheumatism Review), Ann Int Med 12 1295- 
1374 (Feb ) 1939 (c) Hench, P S , Bauer, W , 

Dawson, M H , Hall, F , Holbrook, W P , Key, J A , 
and McEwen, C The Problem of Rheumatism and 
Arthritis Review of American and English Literature 
for 1938 (Sixth Rheumatism Review), ibid 13 1655- 
1739 (March) 1940 (d) Wootton, W T An Analysis 

and Discussion of Positive Food Reactions m Five 
Hundred Individuals Afflicted with Arthritis or Rheu- 
matoidal Conditions, J Arkansas M Soc 36 67-69 
(Aug ) 1939 

10 Boemei Hench and others Bauer, W and 
Short, C L The Treatment of the Arthritides of 
Known Origin, New England J Med 223 286-293 
(Aug 22) 1940 
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peutic investigations were made in an attempt 
to prove or dispiove the hypothesis 

Does the Disease Repiesent an Allergic Reac- 
tion in Joints^ — Familial allergy was not obvious 
in 24 cases, but 17 close lelatives of the remain- 
ing 10 patients suffered as follows 6 from 
asthma, 3 fiom ha}^ fevei, 3 from known sensi- 
tivity to foods (hives), 2 from uiticaria of un- 
known origin, 2 fiom “eczema” and 1 fiom 
migraine As to the patients themselves, 16 
did not have alleigic reactions of any sort, 6 
had nothing but occasional migiaine unrelated 
to the arthi itis and 1 became “dizzy” after taking 
acetylsahcylic acid One patient had had attacks 
of angioneurotic edema two and foui years 
befoie the onset of his aithritis but none since 
Foul patients had had occasional attacks due to 
food sensitivity (abdominal pain, nausea, vomit- 
ing and diarrhea beginning within one hour 
aftei eating milk, sea food, prunes, oysters or 
spinach) , 1 of these patients also had occasional 
migraine and anothei hay fever and asthma In 
none of these 4 patients did the aiticular and 
gastrointestinal symptoms ever coincide Six 
of the patients had had “hives” (urticaria) , m 
4 of these the hives occurred occasionally and 
never with arthritis In 2 cases the attacks of 
hives generally did not, but occasionally did, 
coincide with articular attacks, the coincidence 
was so infrequent that both patients (cases 1 
and 15) considered them probably unrelated 
In summary, 16 of the patients had no clinical 
signs of allergy, and 18 experienced a total of 21 
varied possibly allergic reactions This is not an 
unusual number to be found among 34 patients 
of any sort, and the fact that none of the estab- 
lished allergic reactions occurred regularly with 
the articular reactions seems to speak for the 
independence of the two conditions 

In 28 cases cutaneous tests were made with 
vaiious antigens the common inhalant group, 
a gioup of foods to which alleigic patients are 
commonly sensitive, and otheis including those 
which the patients themselves suspected might 
be 1 elated to their aithiitis Results were en- 
tiiely negative in 10 cases and negative except 
foi a few slight i eactions in 12 othei cases Such 
minor reactions weie consideied of little or no 
significance, and none of the foods suspected by 
the patients caused positive cutaneous i eactions 
Cutaneous i eactions of giade 2 developed in only 
5 cases, i eactions of grade 3 to beef and lamb 
developed in 1 case Many of the patients were 
fed laige amounts of the foods to which they 
uere sensitive (even if the reaction was only 
of giade 1) as well as the foods of which they 
ueie suspicious but to which their skin was not 
sensitive In no case could we piove to oui 


satisfaction any provocative effect of these foods 
as far as joints were concerned Despite the 
negative i eactions to provocative tests, 9 patients 
accepted a theiapeutic test, avoiding the sus- 
pected foods for vai lable periods , only 1 patient 
believed that the disease was significantly modi- 
fied thereby 

In a few cases we attempted without success 
to pi ovoke an attack by histamine, giving a fan ly 
laige single (1 mg ) dose intravenously Results 
of cold allergy tests made m 5 cases weie all 
negative One patient (case 2) insisted (and 
still does) that his attacks were shortened by 
injections of epinephrine hydrochloride, but such 
injections m several other cases did not signifi- 
cantly alter the duiation or severity of attacks 
seen by us As will be noted later, our results 
with histamine desensitization or with histam- 
inase given orally have not been impressive 

Points favoring an allergic hypothesis were 
(1) the suggestive nature of the attacks and 
their sudden appearance and disappearance with- 
out residues , (2) the impressions of several 
patients that their attacks were caused by cer- 
tain foods , (3) the occasional presence of clinical 
allergy of patients and their relatives, and (4) 
the occasional occuirence of arthritis and hives 
or angioneurotic edema in the same case Points 
against an allergic hypothesis were (1) the 
complete absence of orthodox clinical allergy m 
47 per cent and the absence of familial alleigy 
in 71 per cent of the cases, (2) the generally 
negative cutaneous reactions (m 79 per cent of 
the patients tested) , (3) the absence of eosin- 
ophiha in blood or affected tissue , (4) the nega- 
tive results of provocative and therapeutic tests 
involving suspected foods, (5) the generally 
negative effect of epinephrine, (6) the negative 
provocative effect of histamine in large doses 
and (7) the essentially negative therapeutic 
effect of histamine desensitization Dr L E 
Prickman, who sees much allergic disease at the 
Mayo Clinic, saw many of these patients with 
us In discussing them he i ecently stated “The 
evidence at present points away fiom an allergic 
basis for the disease ” 

Is the Aiticiilai Reaction Due to Injection ? — 
The attacks bore no apparent relationship to 
acute exogenous infection, such as soie throat 
or influenza Most of the patients had long 
since been lelieved of infected foci with no or 
only temporary relief Only a few infected foci 
still remained Tonsils had already been re- 
moved in 32 cases (cleanly in 29, with small 
tags remaining in 3) Moderate infection vas 

11 Pnekman, L E , in discussion on Hench, P S , 
and Rosenberg, E F Palindromic Rheumatism, Proc 
Staff Meet , Mayo Chn 16 815 (Dec 17) 1941 
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present m the 2 suiviving pairs of tonsils The 
entile group had only 4 dead teeth, 3 loots (1 
infected) and 3 infected teeth, 15 patients had 
slight pyoiihea Among the 19 females were 
3 with cervicitis and 3 with cervical erosions 
Prostatitis of significant degrees was found in 
only 4 of the 15 men Piostatic cultuies from 
1 patient revealed only Coiynebacterium xerosis 
(diphtheroids) Anothei patient, a physician 
with piostatitis grade 4, regarded piostatic mas- 
sage as a frequent provocative of his attacks In 
his case prostatic cultures i evealed micrococci and 
a few streptococci The same patient had sinu- 
sitis, the only instance of this in the entire gioup 

In a few cases cultures of the nasopharynx 
were made In some no significant organisms 
were recovered In others hemolytic strepto- 
cocci were found, but they geneially did not 
pioduce positive cutaneous leactions in these 
cases or significant lesions m animals In 1 
case green-pi oducing sti eptococci from the naso- 
pharynx injected into rabbits produced some 
periarticulai but no other lesions Green-pro- 
ducing streptococci (fiom the nasopharynx) in 
another case (case 20) also produced hemor- 
rhagic muscular and penaiticular lesions in 
rabbits 

Among the seveial patients who had infected 
foci removed as therapeutic tests, only 1 (case 
23) considered results moderately successful, 
after tonsillectomy her attacks were milder and 
less frequent 

Cultures of affected tissues lemoved at biopsy 
in 4 cases revealed no bacteria Agglutination 
tests for Brucella abortus were negative in 4 
cases and slightly positive (1 80) in 1 case, 
the latter test was considered of no significance 

Does the Disease Repi esenf Angionew osis^ 
— Borland’s ® definition of angioneurosis as “any 
neurosis affecting primarily blood vessels , a dis- 
order of the vasomotoi system, as angiospasm, 
angioparesis, or angioparalysis” illustrates the 
tenuousness of the entire concept of angioneu- 
rosis Within this generic concept have been 
included a great variety of syndromes whose 
only relationship consists in the fact that affected 
patients display a tendency for blood vessels to 
react to unknown stimuli by contracting, by dilat- 
ing or by alternately contracting and dilating 
Under this title are grouped such varying con- 
ditions as angioneurotic edema, urticaria, inter- 
mittent hydrops, scleroderma, erythroinelalgia, 
acroparesthesia, Raynaud’s syndrome and many 
other conditions Patients affected with angio- 
neurotic disorders are said to be subject to pares- 
thesias, cyanosis or pallor of the fingers and toes, 
hyperhidrosis, “trophic disorders” of the skin, 
hair, nails and teeth, increased oculocardiac and 


vagus reflexes, blushing and pallor of the face 
These stigmas of angioneurosis were not signifi- 
cantly present among our patients Therefore 
we could not conclude that “angioneurosis” was 
the cause of the aiticular and other reactions of 
palindromic iheumatism 

DirrERENTIAL DIAGNOSIS 

Rheumatoid (Chiomc InjecUous, Atrophic, 
Pi olijci ative) Aithiitis — Two varieties of this 
disease aie desciibed, but palindromic rheuma- 
tism resembles neither variety The fiist, or 
common, variety (typical, ordinary or primary 
rheumatoid or atrophic arthritis) geneially at- 
tacks thin, visceroptotic persons with vasomotor 
instability It attacks females tw o or three times 
as often as males, it usually affects small joints 
first and then progresses slowly and rather sjm- 
metrically to involve larger, less peripheral joints 
Joints are swollen and sore with little if any 
ledness Little or no fever occuis, and signs of 
subacute inflammation are usually absent Par- 
tial 1 emissions are frequent, but complete remis- 
sions are rare Sedimentation rates soon increase, 
sometimes witbin three weeks of the onset of 
the disease Secondary anemia, a slight i educ- 
tion in blood fats and loss of weight and appe- 
tite commonly appear Roentgenograms soon 
reveal general decalcification, and within a few 
months or so more notable changes result from 
synovial proliferation and destruction of cartilage 

The second, or less common, variety is 
called “atypical” or “secondary rheumatoid” (or 
atrophic) arthritis By those who consider it 
not a variety but a separate disease, it is called 
“infective arthritis” oi “focal arthritis ” Its 
onset IS more acute or subacute than is the usual 
onset of “primary rheumatoid arthritis” , it ap- 
pears at times after a definite infection, such as 
influenza, acute tonsillitis or pharyngitis A few 
small or laige joints are asymmetrically affected 
The disease may progress rapidly, but remissions 
are supposedly more frequent and more complete 
than in the first variety Fever may be present, 
with considerable articular warmth, redness, 
swelling and other constitutional signs of infec- 
tion or toxemia Roentgenograms at first reveal 
local articular, rather than general, decalcification 
but later show articular disintegration similar to 
that in the first variety 

12 Sachs, B , and Hausman, L Nervous and Men- 
tal Disorders from Birth Through Adolescence, New 
York, Paul B Hoeber, 1926, p 701 

13 Hench, P S , Bauer, W , Fletcher, A A , Christ, 
D , Hall, F , and White, T P The Problem of 
Rheumatism and Arthritis Review of American and 
English Literature for 1935 (Third Rheumatism Re- 
view), Ann Int Med 10 754-909 (Dec ) 1936 Hench 
and others 
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Even those who make the gieatest distinction 
between these two conditions agree that the 
end results are about the same and that no 
pathologic distinction can be made Both lead 
sooner oi later to chionic progiessive arthritis 
with articular destiuction and deformity The 
dominant featuie in eithei variety is the gieat 
tendency toward a deforming arthiitis with no 
complete remissions Even in those cases m 
which the disease begins with a few preliminary 
skirmishes and rather complete remissions befoie 
becoming progressively chronic, these individual 
skirmishes last, not houis or days, but weeks or 
months 

The chief points which distinguish our cases of 
palindromic rheumatism fiom instances of rheu- 
matoid arthritis include the following (1) the 
totally different pattern of the arthritis (one of 
numerous short attacks and persistent functional 
restitution) , (2) the tendency foi only one or 
two joints to be involved m an attack, (3) the 
frequent isolated short attacks of paia-aithritis , 
(4) the general absence of significant constitu- 
tional reactions , (5) the relative absence of effect 
of season and weathei , (6) the sedimentation 
rate, which is relatively noimal oi only moder- 
ately and transiently elevated , (7) the moderate 
increase (rathei than decrease) in blood fats, 
(8) the persistently negative loentgenograms, 
and (9) the different pathologic leaction The 
greatest and most convincing diffeience is the 
peisistent absence of chionic arthritis even after 
scores oi hundreds of attacks and years of dis- 
ease 

It may be argued that, despite these obvious 
differences between palindromic rheumatism and 
rheumatoid arthritis, palindiomic rheumatism 
may be merely a newly desciibed variety of rheu- 
matoid arthritis It may be argued that the dif- 
ferences between the two clinical pictures aie no 
greater than those between, for example, clin- 
ically active and progressive tubeiculosis in 1 
case and a small healed ghon complex in another 
It might be suggested that perhaps the distinc- 
tions between pahndiomic rheumatism and rheu- 
matoid arthritis result, not from any dissimilai ity 
in the causal agents of the two conditions, but 
from different tissue leactions or immune re- 
sponses of the host This aigument will gain 
foice only if piolonged study of oui cases and of 
similar cases indicates that chionic articular 
residues witli pathologic reactions indistinguish- 
able from those of classic iheumatoid arthritis do 
eventually develop in a notable number of cases 
of oui pahndiomic rheumatism On the basis 
of OUI experience to date we do not consider 

14 Hench, P S , m discussion on Hench, P S 
An Oft Recurring Disease of Joints (Arthritis, Peri- 


palindromic iheumatism merely a newly de- 
scribed “palindromic variety” of rheumatoid 
arthritis 

Permiticulm F'lhositis — The four commonest 
articular diseases which attack joints repeatedly 
and then disappeai completely aie periarticulai 
fibrositis, inteimittent hydi arthrosis, rheumatic 
fever and gout Obviously our cases did not 
represent oidinary primaiy fibrositis In this 
condition theie are piactically no redness oi 
swelling of joints, no recurrent para-articulai 
swelling and no seropurulent exudate 

Inteiimttent Hydiarthosis — This disease 
laiely affects any ]Oint but knees, is larelj pain- 
ful and attacks joints at regularly spaced inter- 
vals Its pattern and progiession are different 
from those which we ha\e desciibed foi palin- 
diomic rheumatism In our cases of pahndiomic 
iheumatism a transient intra-articulai exudate 
was sometimes present but was overshadowed 
by the moie noticeable pei lai ticular inflamma- 
tion, and the attacks weie ii regularly, not regu- 
laily, spaced 

Rheuinahc Fevei — This is characteiized by 
lecurrent attacks of acute febiile polyarthritis 
of some weeks’ duration with residual caiditis 
In our cases attacks were afebrile, shoit and 
usually monarticular, and caiditis was absent in 
all cases, even those of many years’ duiation 

Gout — Our cases presented certain featuies 
suggestive of acute gouty aithritis the sudden 
onset of the attacks, appearing sometimes during 
the night, the rapid piogression to maximal dis- 
ability, the occasional involvement of great toes, 
the pain, which was often severe and sometimes 
worse at night, and the rapidity and completeness 
of the remissions But none of our patients had 
hypei uricemia, tophi on the ears, urates m 
the joint tissues or the roentgenographic changes 
of gout even after years of disease Nor were 
any of our patients relieved by a regimen for 
gout or made worse by high purine, high fat 
diets In our cases the attacks were generally 
much shorter and much more frequent than even 
those of severe, progiessive gout Had gout 
been present, its characteristic features surely 
would have developed in some cases after so 
many attacks 

Angionew al Ai thi osis ( Sohs-Cohen ) — While 
continuing our search for a report of a condition 
resembling ours, m 1935 we came on a'relatively 
old clinical description of cases somewhat re- 
sembling ours, a report bj Sohs-Cohen of a 
condition which he called angioneural arthrosis 

arthritis, Para-Arthritis) Apparentb’- Producing No 
Articular Residues, J A AI A 115 2208 (Dec 21) 
1940 
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(penal throsis, “pai arthrosis”) and which he 
believed to be commonly mistaken for gout or 
iheumatism He reported 6 cases in 1911 and 
21 moie in 1913 His reports unfoi tunately 
escaped the attention not only of internists but 
of rheumatologists as well In these cases pain- 
ful swelling in and aiound joints appealed at 
regulai oi irregular intervals Affected weie 
joints alone in 11 pei cent, soft tissues alone in 
30 pei cent and both joints and neaiby soft 
tissues in 59 per cent of the 27 cases The indi- 
vidual attacks lasted from a few houis to many 
weeks and then disappeared completely Attacks 
were polyai ticulai in 70 per cent and monartic- 
ular in 30 pel cent of cases Almost any joint 
was liable to involvement, but especiall)' the moie 
peripheral joints fingers, wrists, elbows, toes 
01 a big toe, ankles and knees No joint was 
immune, veitebral and temporomaxillary joints 
were sometimes involved In one case laiyngo- 
scopic examination revealed involvement of the 
cricoarytenoid cartilages The intervals between 
attacks were regular m some cases and iriegulai 
in others and lasted fiom a few daj's or weeks 
to months or years Thus attacks came daily or 
weekly m some cases and only four or five times 
a year in others Spontaneous remissions foi 
months or yeais occasionally occuired Sohs- 
Cohen’s 27 patients had had a total of 110 
(average 4) attacks (a much smaller average 
than in our cases) The sex incidence was 45 
per cent males and 55 per cent females Thnty 
per cent of his patients were less than 12 yeais 
of age, 45 per cent, from 12 to 25, 18 pei cent, 
from 25 to 50, and 7 per cent, from 50 to 70 
It IS not stated whether this refers to the ages 
of the patients when first affected oi when fiist 
seen by Sohs-Cohen 

The swellings weie ascribed either to intia- 
aiticulai effusions oi to nonpitting edema of 
periarticular tissues oi to both They were gen- 
erally but not always painful, pain being modei- 
ate to agonizing They were generally associated 
with led or cyanotic discoloration of the skin, 
occasionally with eruptions (vesicles, bullae) 
and also with a subjective (but not an objective) 
sensation of local heat Fever was never present 
in 60 per cent of the cases but was present in 
some attacks in 22 per cent and in all attacks 
in 18 per cent When present the fever was 
“continuous, lecurient or intermittent” It was 
irregular and “utterly capricious” in some cases 
and paroxysmal and “apparently periodic” in 
others Fevei lasted for a few (twelve to 
seventy-two) hours oi a few days It was in- 
feired that eosinophilia or leukopenia was some- 
times present Many of the patients piesented 
“the typical dermographic, ocular and nail-bed 


signs” of vasomotor or autonomic ataxia Ex- 
citants of the attacks weie fatigue, emotion, 
toxemia and atmosphei ic changes 

Sohs-Cohen legaided this condition as one 
species of autonomic ataxia, a “slighter form” 
of articulai leaction than inteimittent hydrar- 
throsis To him the aiticular attacks repiesented 
recuirent angioneui otic ciises in cases m which 
the characteiistic stigmas of angioneural im- 
balance were present tie made no articulai 
biopsies but inteipieted the effusions as due to 
angioneurotic edema, in angioneural arthroses 
“we aie not dealing with a true inflammation- 
arthiitis ” Treatment was based on this concept 
and included for the acute stage local and some- 
times general lest, a liquid or soft diet and “elim- 
ination” , for the convalescent stage “roborants 

Table 4 — Points of Difference Between Authors’ Cases 
and Those of Sohs-Cohen and of Kahhneter 



Oases of Cases of 

Solis Cohen Kahlmeter 

(“Angioneural (“Allergic 
Arthrosis") Rheumatism?") 

Our Oases 
(Palindromic 
Rheumatism) 

Patients less than 
12 years of age 

30% 


None 

Polyarticular 

attacks 

70% 

Few 

Few 

Fever 

40% 

Occasional 

None 

Cutaneous erup 
tions 

Occasionally 

erythema, 

vesicles, 

bullae 

Occasionally 

erysipeloid 

rash 

None 

Duration of at 
tacks 

Sometimes 
“many Tveeks” 

Rarely more 
than 1 week 

Rarely 1 week 

Intervals 

Sometimes 

regular 

Irregular 

Irregular 

Allergic reactions 

Common 

Common 

Rare 

Pathologic rcac 
tion In joints 

“Transudate” 

(assumption) 

Serous 

exudate 

(assumption) 

Inflammatory 

exudate 


and hematwjcs” , between attacks measures to 
“le-educate vascular reactions” and to “restore 
vasomotor tone ” 

Our cases resemble these in many respects, but 
ceitain noteworthy differences aie apparent 
(table 4) 1 In Solis-Cohen's cases “the chief 

symptomatic elements were pain, swelling, dis- 
coloration and fevei ” Forty per cent of his 
patients had fever in some oi all of their attacks 
None of oui patients had fever during their 
attacks 2 In Sohs-Cohen’s cases the attacks 
sometimes lasted “many weeks”, in our cases, 
only a few hours or days, rarely moie than a 
week 3 In Solis-Cohen’s cases attacks were 
polyarticular in 70 pei cent and monarticulai in 
30 per cent In our cases the majority of attacks 
were monaiticulai 4 Sohs-Cohen emphasized 
the frequent occuirence of hives, dermographism 
and other evidences of vasomotor ataxia in his 
cases and also the occasional presence of vesic- 
ulai or bullous cutaneous lesions Our patients 
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exhibited no vesicles or bullae , 20 per cent had 
had hives or angioneurotic edema at some time 
or other, but rarely accompanying their attacks 
of arthritis 5 In 30 per cent of Sohs-Cohen’s 
\ cases the disease developed before the age of 12 
years, this was true in none of our cases 6 
Sohs-Cohen considered the exudation to be a 
tiansudate or an edema and the articular reac- 
tion to be, not true inflammation, not arthritis, 
but “arthrosis” He piesented no pathologic 
data on his cases and hence could not prove his 
concept Our data reveal the presence of a 
true inflammatory exudate, therefore the term 
“aithrosis” is inappropiiate, at least for our 
cases 

Despite these impoitant difteiences the resem- 
blances between the two conditions are too great 
to be dismissed lightly Sohs-Cohen presented 
no photographs or roentgenograms of his cases 
and no data on pathologic changes or on blood 
urates (the lattei were hardly available in 1913) 
Perhaps he noted some cases similar to ours but 
adulterated his description of them by including 
some extraneous cases If this is not so, we can- 
not, on the basis of our experience to date, 
identify the condition in our cases with his dis- 
ease which was so often febrile and polyartic- 
ular 

“Alleigic Rheumatism” (Kahlmetei ) — Al- 
though, with others, Kahlmeter^ geneially 
regarded the so-called allergic types of arthritis 
skeptically, in 1939 he noted one form which he 
considered might be tiuly allergic Under the 
term rhumatisme ai ticulan e et penarticulau e 
d’iine nature leellement alletgique he described 
54 cases obseived within five years Twenty- 
two per cent of the patients weie males and 78 
per cent females Most of them were less than 
50 years of age, 40 per cent were from 31 to 
40 years Attacks of “local edema” involving 
articular oi periarticular tissues, tendons oi sub- 
cutaneous connective tissue distant from joints 
lecuired at irregular inteivals No articulai 
biopsies were made The edema was assumed 
to be a serous, not an inflammatory, exudate, and 
there was neithei local heat nor ledness The 
location of the edema was capricious, but usually 
only one oi two joints or adjacent sites weie 
affected at a given time Articular swellings 
weie often afebiile, sometimes associated with a 
mild fleeting fevei and an erysipeloid or erysi- 

15 On Jan 8, 1942, Dr Sohs-Cohen wrote the 
authors “At first sight the two groups of cases [that 
described by Sohs-Cohen and that described herein] 
seem to differ in so many important particulars that 
the\ ma\ be provisionally classified as, at least, dif- 
ferent varieties ” 


pelatous skin lash The attacks lasted geneially 
from seveial (twenty-four to forty-eight) hours ; 
to several days, occasionally seven to fourteen 
days, and then invariably disappeared completely, 
leaving no subjective or objective residues — ] 

“certainly no piogiessive joint lesion” The < 

intervals between attacks were from one or two 
days to several months 

Allergic leactions weie common among the 
relatives as well as among the patients them- j 
selves, in most of whom the articular attacks 1 
alternated or coincided with ceitam allergic leac- 
tions Of these patients, 35 per cent had had 
urticaria, 13 per cent asthma, 11 per cent 
Quincke’s edema and 9 per cent migraine Some 
patients noted nausea, diairhea oi lassitude foi a 
day before attacks Eight cases in which the con- 
dition had been piesent for from one to twenty 
years were described biiefly A mildly febrile 
uiticaria which aftei a few days was associated ^ 
with edematous swelling of one or two fingei 
joints or tendon sheaths developed frequently in 
1 case, “several days” later the urticaria, fever ’ 
and arthritis disappeaied together In Kahl- 
meter’s cases theie was no anemia, total leuko- 
cyte counts weie noimal or somewhat low 
(about 5,000) there was a “constant” relative I 
lymphocytosis (38 to 52 per cent) without ' 

eosinophiha (1 to 2 per cent) Sedimentation 
rates were normal or only mildly and fleetmgly 
elevated during attacks (the highest value men- 
tioned was 33 mm ) No data on pathologic 
changes or i oentgenograms were given With 
reservations Kahlmetei regaided the condition 
as allergic because of the frequent allergic reac- 
tions of patients and their lelatives and because i 
tuberculin, Dick and Schick tests revealed notable ' 
hypersensitivity <of the skin — “nonspecific 
allergic reactions ” Despite this Kahlmetei 
was sufficiently unceitain of the cause of the 
disease to expiess the title of his paper in the 
form of a query “Are There Foims of Articular 
and Periarticular Rheumatism of a Nature Truly 
Allergic^” The mattei of sensitivity to food 
was not considered One patient was given 
injections of tuberculin m “homeopathic doses” 

(0 5 cu mm ) during twelve weeks An attack i 
developed regularly two days after each injec- 
tion, but the duration of attacks was gradually 
shoitened fiom se\eral days to two houis and 
then the attacks disappeared Three patients 
were given ten injections of sodium keratinate, 
which veie assumed successful in stopping the 
disease 

These cases resemble ouis e\en more than 
those of Sohs-Cohen (table 4), but again certain 
difterences must be noted Local redness was 
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usually absent m Kahlmeter’s cases , it was 
usually present in ours Kahlmetei’s patients 
occasionally had fever and erysipeloid i ashes, 
none of ours did The frequenc}^ of the common 
allergic reactions was much gi eater m his cases 
than in ouis 

The similarities between Sohs-Cohen’s, Kahl- 
meter’s and oui gioups of cases aie more sti ik- 
ing than their differences Perhaps they repre- 
sent the same disease Perhaps furthei experi- 
ence will bring us cases with the missing features 
(fevei, rashes, impiessively coincidental acute 
alleigy, and so foith), oi peihaps pruning and 
more rigorous selection of cases by Sohs-Cohen 
and Kahlmetei will lemove the differences, but 
for the present the diffeiences should be noted 

PROPOSED TERMINOLOGY 

Were we piepaied to assume (which we 
cannot yet do) that oui cases were instances of 
the same condition as the “angioneural arthrosis” 
of Sohs-Cohen oi the “allergic iheumatism” of 
Kahlmeter, we still could not approve the adop- 
tion of either of these two teims for the disease 
we are describing, because the piesence of an 
angioneui osis or of an allergic reaction as the 
basic cause remains unpioved We have avoided 
the use of a teim which would commit us to an 
unproved etiologic concept Furthei moie, the 
term “arthrosis” is not suitable foi a condition 
a feature of which is a true inflammatory exu- 
date Vague though it is, the term “rheuma- 
tism” (used in the broad American, and not in 
the specific English, sense) seems more suitable 
than “arthritis,” because the former term is more 
comprehensive and hence more applicable to a 
condition which pioduces not just aithritis but 
also periarthritis, para-aithritis and occasionally 
subcutaneous nodules Such simple terms as 
“recurrent rheumatism,” “intermittent rheuma- 
tism” or “remitting rheumatism” are unsatis- 
factory for our disease because they are either 
too nonspecific and indefinite or too suggestive 
of 1 ecurrent rheumatic fever or intermittent 
hydrarthrosis The nicknames “hit and run 
rheumatism” and “phantom rheumatism” proved 
useful for a tune to satisfy the curiosity of pa- 
tients and their natural desire for at least a name 
for their disease, but such nicknames are of 
course unsuitable as permanent designations 

When an etiologic term cannot be applied, a 
distinctive descriptive term should be used 
Such a designation we found in the term “palin- 
dromic rheumatism,” suggested to us by Profs 
A D Fraser and Atcheson L Hench, of the de- 
partments of ancient languages and English liter- 
ature, respectively, of the University of V irginia 


“Palindromic” means simply “recurring” or 
“returning” and is so defined in current non- 
medical and medical dictionaries It is derived 
from the Greek word ’TrakivSpofiio) which means 
liteially “to lun back ” The verb and its related 
adjective and noun were used by Hippocrates^® 
or by his contempoiaries Used in a strictly non- 
specific sense, they aie found, not m the Hippo- 
ciatic canon, the proved writings of Hippocrates, 
but in the liippocratic corpus, the body of writ- 
ings ascribed to Hippocrates, some of which may 
have been wiitten by his contemporaries In “De 
morbis vulgaribus” the Hippocratic writer used 
the adjeclne “palmdiomic” referring to recur- 
ring erysipelas oi to recurring, retreating or 
subsiding abscesses Prof James Constantine, 
of the University of Virginia, helped us to trace 
and define later uses of the term The medieval 
Bjzantine scholar Hesychius used the word as 
meaning to recur or retieat, vhen applied to 
disease it designated one which either returned 
oi disappeared The new Liddell and Scott 
Greek lexicon defines palindromic, used in a 
medical sense, as meaning “recurring” or “sub- 
siding without coming to a head ” 

Since the most obvious and characteristic 
features of the condition we have described aie 
Its frequent recurrences, its attacks and retreats, 
the temi “palindromic” seems indeed fitting as it 
IS descriptive, yet sufficiently unused in recent 
writings to be distinctive to modern ears Hence 
we propose to use in a specific sense, that is, 
for this specific condition, this term heretofore 
used by Hippocrates and othei writers in a non- 
specific sense As one of our advisers aptly 
said, “What was good enough for Hippocrates 
ought to be good enough for you ” The desig- 
nation “palindromic rheumatism” has been ap- 
proved for inclusion in the “Standard Nomencla- 
tuie of Disease” and appears, with numerical '' 
designation, in the third edition We believe it 
will be useful and satisfactory until a better 
(etiologic) term can be applied 

TREATMENT 

Numeious treatments had been used by our 
patients before their coming to the clinic, gen- 
eially without success, they included removal 
of infected foci and use of vaccines, bee venom 
and various medicines Most of the patients had 
fallen back on the use of heat and analgesics 
during attacks 

16 Hippocrates De morbis vulgaribus, liber secun- 
dus, in Opera omnia, translated and edited by A Foesius, 
Geneva, S Chouet, 1657, p 1035 , Oeconomia Hip- 
pocratis alphabeti sene distmcta, ibid , 1662, p 289 

17 Liddell, H G , and Scott, R A Greek-Enghsh 
Lexicon, revised and augmented by H S Jones, Oxford, 
Clarendon Press, 1940, vol 2, p 1292 
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Our first remedies were predicated on the 
idea that the disease might be allergic, later, 
measuies to combat some possible infection were 
instituted Neithei plan of attack has produced 
notable lesults, as the follow-up data in table 1 
indicate Our results with epinephiine, ephed- 
iine, amphetamine, ergotamme taitrate, diets 
low in purine, diets free of supposed food anti- 
gens, lemoval of infected foci and autogenous 
vaccines have all been lelatively unsuccessful 
Histaminase was used without lesults in 3 cases 
Histamine desensitization has given definitely 
negative results foi 3 patients and equivocal 
lesults for 4 otheis, who, howevei, insisted that 
their attacks had become less severe or less Se- 
quent since histamine was used Further obser- 
vations are necessary before making a final 
evaluation Some patients have continued to 
lely on diathermy, hot packs or other forms of 
heat Injections of triple typhoid vaccine may 
have been responsible foi the temporary relief 
noted in case 16 

A few remedies used by certain patients since 
their dismissal f i om the clinic ai e worthy of com- 
ment Sulfanilamide did not affect the disease 
in 2 cases (cases 20 and 34) One patient 
(case 17) felt “75 per cent bettei for a year” 
after having fever therapy, but he still has his 
attacks One patient (case 13) thought she was 
partially relieved by taking “dicalcium wafers,” 
and another patient (case 8), a physician, 
ascribed the tempoiaiy disappearance of his 
disease to the daily use of 75 to 100 grams (4 8 
to 6 5 Gm ) of calcium gluconate , later the dis- 
ease recurred only to disappear completely again 
after total alveolectomy One patient (case 5), 
who ascribed his attacks to nervous fatigue, 
wrote that his attacks are less severe since he 
“quit the oil business, became a druggist and 
began to take phenobarbital daily ” Another 
patient successfully employed an even more novel 
leinedy She adopted a baby, quit worrying 
about herself and lost hei attacks Her state- 
ment IS food foi thought 


PROGNOSIS END RESULTS 

Our follow-up study has revealed the follow^- 
ing facts In 4 cases the patients obtained an 
apparent “cure” within a few months after leav- 
ing the clinic and have had no further attacks 
for from seven to eleven years Cessation of the 
attacks occurred spontaneously in 3 of these 
cases and piesumably as a result of treatment 
with calcium gluconate or of alveolectomy in the 
other In 5 cases attacks have become shortei 
and less frequent, in 1 of these the patient, a 
local lesident, is appaiently obtaining a sponta- 
neous cure His attacks aie becoming much 
milder and much less fiequent In 3 cases 
attacks aie shorter but as frequent as alwa 3 ^s 
In 4 cases attacks aie less frequent but then 
duration remains the same The condition of 7 
patients lemains unchanged as to frequency, 
severity and duration of attacks Three patients 
aie perhaps woise m that their attacks are inoie 
fiequent although not longer One patient died 
of coronary disease Seven patients have not 
answeied our inquiries 

Thus of the 27 patients of whose condition we 
know, 15 per cent are now well, 44 per cent (12) 
are improved somewhat though not notably, 26 
per cent (7) are as before, 11 pei cent (3) are 
somewhat worse and 1 (4 per cent) died of 
causes unrelated to the arthritis Hence the 
prognosis for a spontaneous cure or one induced 
by the lemedies noted herein is only fair Ob- 
viously the disease can be persistent, but if these 
experiences aie characteristic, patients are more 
likely to become somewhat better than somewhat 
worse There appears to be little or no tendency 
for attacks to lengthen and become confluent, 
that IS, chronic, in a given joint The disease 
IS a great nuisance to many, a notable handicap 
to some But despite the thousands of attacks 
suffered during a giand total of at least three 
hundred and seven years of illness (two hundied 
and forty-two years piioi to plus sixty -five years 
since admission), not a single joint has been 
crippled peimanently 

The Mayo Clinic 
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A compaiative study has been made of the 
analgesic effects on human beings of moiphine 
sulfate and one of its deiivatives, monoacetyl- 
morphme ^ Twenty-four noi mal males, i anging 
111 age from 17 to 25 3'ears, were used as test 
subjects 111 the expeimients Pam was pioduced 
by means of heat stimulation of the skin of the 
forehead by means of a modified Haidj^-Wolff ^ 
cutaneous heat radiation apparatus Two com- 
ponents of the pain expeiience i\eie studied 
first, the thieshold of perception of pain, and, 
second, the thieshold of reaction to pain The 
accuracy of the method had been established 
pieviously by contiol observations on the varia- 
tions m sensitivity to pain m 200 noimal sub- 
jects ® The measure of the threshold of pain 
perception was taken to be the lowest strength 
of stimulus necessary to cause a sharp puck or 
piercing jab following a sensation of diffuse, 
burning heat The threshold of pain leaction 
\\as taken to be the lowest measuiable stimulus 
needed to cause wincing (observed as a beginning 
contraction of the muscles of the outer canthus 
of the eye) 

In the oiiginal control study it had been found 
that for subjects on whom lepeated obseivations 

ere made the ei ror inherent m the estimation of 
pain perception was not more than ±: 3 per cent, 
while the error foi pain reaction showed indi- 

From the A'ledical Service of the Massachusetts 
General Hospital, and the Department of Medicine, 
Harvard University 

The work described in this paper was done under 
a contract, lecommended by the Committee on Medical 
Research, betw'een the Office of Scientific Research and 
Development and the Massachusetts General Hospital 

1 Dr Nathan B Eddy, of the National Institute 
of Health, Bethesda, Md , furnished an adequate supply 
of this drug for expeiimental purposes 

2 Hardy, J D , Wolff, H G , and Goodell, H 
Studies on Pam A New Method for Measuring Pain 
Threshold , Observations on Spatial Summation of Pain, 
J Clin Investigation 19 649-657, 1940 

3 Chapman, W P , and Jones, C M Variations 
m Cutaneous and Visceral Pam Sensitivity in Normal 
Subjects, J Qm Ini estigation 23 81-91, 1944 


vidual Aanations of fiom dz 5 to ± 8 per cent 
The purpose of the present study was to de- 
termine the lelative effectiveness of morphine 
sulfate and monoacetylmoi phine m moditjing 
the perception of pain and the reaction to it A 
fuither study of the analgesic effects of inono- 
acetylmorphine i\as made Mith a gioup of 13 
normal subjects, a compression method result- 
ing in musculai ischemia being used for the 
production of pain Thioughout all the studies 
careful observations weie made on the side 
reactions associated with the administration of 
the tw'O drugs 

METHOD 

A Cufmicow; Pam Caused by Heat Radjafwit — 
The source of the pain stimulus was a 1,000 w'att Mazda 
lamp The light from the lamp was focused b} two 
4 inch (10 2 cm) piano com ex lenses through a 25 
by 2 5 cm aperture onto a blackened area in the mid- 
forchead Each exposure to the heat stimulus was 
maintained for exactlj three seconds by a shutter 
operated by a telechron motor The intensity of the 
stimulus w'as varied uniformly bj’’ a wire rheostat The 
amount of heat used was measured directly bj a 
radiometer and a potentiometer, and the results were 
expressed in absolute end point values of gram calories 
per second per square centimeter of skin suiface Each 
subject was tested under standard conditions and on 
two different occasions, in order to familiarize him 
with the test and to establish his normal thresholds for 
perception of and reaction to pain A description ot 
the end point for peiception of pain w’as elicited by 
a neutral question technic, so that any error of inter- 
pretation due to suggestion might be avoided After 
the subjective end point for pain w^as established, the 
objective measure of the end point of reaction to pain 
was taken Both end points of sensitwity to pain were 
again determined for each subject immediately betore 
the administiation of the drug to be tested Observa- 
tions on the drug’s effect were made at half-hour 
intervals for the next foui hours , at the same time, 
questions vv'ere asked and notations made as to any 
resultant side leactions 

Each drug was administered subcutaneouslj', and its 
dose was standardized as follows morphine sulfate, 

0 24 mg , and monoacetj Imorphine hydrochloride, 0 06 
mg per kilogram of body weight With this ratio, one- 

322 



JONES-CHAPM AN— MORPHINE SULFA TE 


323 


fourth as much monoacetylmorphine as morphine sulfate ^ 
was used 

Preparations of the drugs for subcutaneous use were 
made as follows Morphine sulfate was prepared as 
an aqueous solution containing 16 8 mg per cubic 
centimeter of distilled water, and monoacetylmorphine 
hydrochloride, as an aqueous solution containing 42 mg 
per cubic centimeter of distilled water 

Oi iginally each solution was sterilized by being passed 
through a Seitz filter The filtered solutions were then 
placed in boron glass containers (army vaccine type) 
and kept at room temperature At the end of sixty 
days it was found that the analgesic value of the solu- 
tion of monoacetylmorphine had diminished to a point 
at which no definite effect could be demonstrated, 
whereas no apparent change had occurred in the solution 
of morphine sulfate Because of this apparent deteri- 
oration, the results of all experiments up to this point 
were discarded Subsequently, the solution of each 
drug was sterilized by boiling, at first for fifteen 
minutes and later for five minutes In this communi- 
cation the only results reported are those which followed 
the use of the freshly prepared solutions, from which 
apparently full therapeutic results were obtained 

Although no definite explanation can be given for 
the apparent deterioration of the solutions of mono- 
acetylmorphine, some observations may provide a clue 
Determinations of pn were made with the electropo- 
tentiometer on the filtered aqueous solutions which had 
been kept for sixty days at room temperature, as well 
as on the freshly prepared solutions For the former 
solutions readings of pn as low as 2 5 weie obtained, 
while for the latter the values for the pn were in the 
Mcinity of 5 Further studies are in progress to deter- 
mine the stability of such solutions under varying 
conditions 

B Pain Due to Musculat Ischemia — Severe aching 
pain of the forearm and hand was produced by volun- 
tary, uniform, periodic contraction of the hand under 
conditions of complete vascular occlusion The subject 
was examined in the horizontal position with a sphyg- 
momanometer cuff on each arm, and readings of the 
blood pressure were recorded at intervals The cuff 
on the left arm was inflated and maintained at a pres- 
sure of 200 mm of mercury throughout the experiment, 
the circulation in the portion of the aim distal to the 
cuff being thus completely occluded Basal blood pres- 
sure readings were taken on the right arm over a 
preliminary five minute period The subject was then 
asked to contract his left hand and forearm at intervals 
of one second foi given periods during a total elapsed 
time of six hundred seconds Readings of the blood 
pressure (right arm) were taken at the end of thirty 
and sixty seconds, and thereafter at one minute intervals 
during the ten minute test period and for five additional 
minutes after the pressure on the left arm was released 
Since voluntary muscular conti actions could not be 
continued for more than ninetj’’ to one hundred and 
twentj'^ seconds because of fatigue and pain, tests for 
the effects of contraction were repeated at the end of 


4 Such a ratio was originally suggested b 3 ’’ Dr 
Xathan B Eddj According to information recened 
ironi Dr Ljndon F Small, of the United States 
Public Health Service, Bethesda, Md , the actual sub- 
stances used for comparison were morphine sulfate 
pentahj drate, containing 75 2 per cent of the alkaloid, 
and nionoacetjlmorphme In drochloride, a Indiated salt 
containing 78 9 per cent of the alkaloid 


two hundred seconds and, again, at the end of foui 
hundred seconds of elapsed time The numbei of mus- 
cular contractions for each period w'as charted During 
the tests, the examiner made periodic attempts to 
estimate the severity of pain experienced in the left 
arm by asking “Is the pain which is now beginning 
more severe or less severe than, or the same as, that 
just experienced^’’ 

It IS obvious that this method of production of pain, 
a modification of the procedure standardized b\ Alam 
and Smirk,® is less accurate than that used in the 
production of cutaneous pain by measured amounts of 
heat, but it was thought that the results weie of interest 
for purposes of comparison 

After control observations had been completed, the 
entire test w'as repeated after the subcutaneous admin- 
istration of monoacetylmorphine, in the same dose as 
in the preceding experiments The results of the tests, 
that IS, the number of contractions performed and the 
pain experienced by individual subjects, wuth the drug 
w'ere compared wuth the results wuthout the diugs 

RESULTS 

A Cutaneous Pam Caused by Heat Radiation 
— Moiphine Sulfate The effects of this diug 
on the threshold of perception of cutaneous pain 
ovei a four houi period aie shown graphically 
in table 1 At the end of one-half houi the 
average elevation of threshold over the basal, 
or initial, level was approximately 10 per cent 
For all the patients the individual lange varied 
fiom zero to 35 per cent At the end of one 
hour the average elevation was 17 pei cent, with 
a range of from zero to 49 per cent m individual 
subjects The greatest elevation of threshold 
was obtained at the end of one and one-half 
hours, with an aveiage of 20 per cent and an 
individual variation of from zero to 56 pei cent 
Thereaftei, the analgesic effect diminished, with 
an aveiage decrease at the end of two hours to 
a level 16 per cent above the control figuie At 
the end of two and one-half houis the average 
elevation above the initial threshold was 11 per 
cent , at the end of three hours, 17 per cent , at the 
end of thiee and a half hours, 11 per cent, and 
at the final observation, made four hours aftei 
the administration of the drug, 10 per cent 

Although the measurable effects of the drug 
vaiied considerably in individual subjects, only 

2 failed to show anj^ increase in threshold of 
pain peiception throughout the course of the 
experiment (A complete record of the individual 
Aalues following the use of the drugs is found 
in table 1 ) 

As a general lule, the increases in the thresh- 
old of reaction to pain paralleled those in the 
threshold of perception of pain In about one- 
fourth the experiments, definite measuiements 

5 Alam, M, and Smirk, F H Obscr\ations m 
Man Concerning the Effects of Different T^pes of 
Sensor} Stimulation upon the Blood Pressure Clin Sc 

3 253-258, 1938 



324 


ARCHIVES OF INTERNAL MEDICINE 


of the effect of the drug on leaction to pain 
could not be obtained, because the initial eleva- 
tion in the threshold of perception of pain would 
have necessitated the use of a stimulus capable 
of blistering the skin at, or before, the point of 
actual reaction to pain was reached Such a 
lesult, obviously, would have invalidated the 
thresholds both of perception and of reaction to 
pain in subsequent studies In the 30 to 40 


Monoacetylmorphine The effects of this drug 
aie also charted in table 1 At the end of one- 
half hour there was an average increase in the 
thieshold of pain perception of 17 per cent, 
although, again, the individual variations ranged 
from zero to 56 per cent At the end of one 
hour the average elevation of threshold was 19 
pel cent, once moie with a wide lange, from 
zero to 56 per cent As with morphine sulfate, 


Table 1 — Individual Increases'^ (Percentile) tii Threshold of Pam Perception Following Administration of 
Morphine Sulfate and Monoacetylmorphine to Twenty-Fow Normal Subjects 


Time 


30 Min 

60 Min 

90 Mm 

120 Min 

150 Min 

180 Min 

210 Min 

240 Mm 

Drug t 


'ms 

MAM 

'ms 

mam’ 

'ms 

mam' 

MS 

MAM 

MS 

MAM 

'ms 

mam' 

'ms 

mam’ 

'ms 

M4M 

Subject 

Test 

















1 

A 

0 

7 

0 

14 

0 


0 

21 

0 

7 

0 

21 

0 

7 

0 

0 " 


B 

0 

0 

0 

11 

0 

7 

0 

11 

0 

18 

0 

7 

0 

7 

0 

14 

O 

A 

14 

0 

0 

42 

14 

21 

14 

0 

21 



0 

28 


28 

0 


B 


0 

42 

0 

56 

28 

28 

0 



28 






3 

A 

0 

14 

0 

0 

0 

0 

0 

0 

0 

0 
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A 

21 


21 

14 

21 

35 

21 

18 

21 

14 

21 

11 

21 

18 

0 

0 

5 

A 

7 

42 

35 


21 

18 

21 

11 

21 


11 

11 

0 

11 

0 

7 


B 


25 


11 


11 


11 


11 




4 


4 

6 

A 


21 

14 

21 

0 


0 

14 

7 




0 


0 



B 




18 
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A 

0 

14 

14 

14 

14 

14 

14 

14 


0 

7 

0 

0 

0 

0 
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B 


25 


18 


18 


14 
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0 


0 

8 

A 


25 

46 

18 


18 

60 

7 



60 
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11 


4 

9 

A 

0 

35 

11 

21 

49 
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0 

0 

0 

35 
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0 

42 

28 

25 

14 
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14 


14 

14 

14 
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35 

28 

0 

28 

0 
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32 

7 

35 

7 

28 
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28 













13 

A 

0 

14 

14 

7 

0 

0 

0 

0 

14 


14 
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14 

A 

21 

0 

21 

7 

21 

0 

21 

0 



0 

14 


35 

0 

28 


B 

0 

0 

0 

14 

0 

21 

0 

14 



0 

14 

0 

14 

0 


15 

A 

35 

7 

49 

7 

49 

0 

49 

0 

49 


49 

0 

35 

0 


7 


B 

14 

0 

14 

42 

14 

42 

0 


0 


7 

35 


14 

7 

11 

16 

A 

21 

18 

21 

7 


7 

21 


11 

0 

11 

0 

11 

0 

11 

0 


B 

0 

0 

14 

21 

21 

0 

14 

0 



0 

0 





17 

A 

0 


0 

14 

42 


14 

14 

21 

21 

66 



21 

42 

0 


B 

0 

14 

0 

35 

0 

35 

0 

35 

0 

21 

0 

18 

0 

14 


14 

18 

A 

7 


21 




7 


7 




7 


7 



B 

0 

28 

21 

28 

28 


21 

28 

14 


14 







0 

14 


14 


28 


7 


7 




7 


7 


19 

A 

14 

35 

14 

49 

14 

35 




49 

14 


14 

35 

14 



B 

7 

7 

14 

14 

21 

28 

21 

28 


28 


28 


28 


28 

20 

A 

21 

0 

21 

0 

35 


35 

4 


0 


0 


0 


0 , 


B 

28 

7 

35 

7 

35 

7 

42 

21 





39 




21 

A 

14 

7 

14 

7 

42 

21 

42 

7 



42 

7 

28 

7 

42 

7 


B 


0 


4 






11 


11 




11 

22 

A 

0 

42 

11 

28 



18 

28 

11 

21 

0 


0 

21 



23 

A 

0 

56 

14 

56 

21 

42 

14 

28 

4 

28 

4 

28 


21 

4 

21 

24 

A 

14 

56 

42 


21 

42 

7 



21 

7 

11 

0 

11 


11 

Average 


10 

17 

17 

19 

20 

19 

16 

12 

11 

15 

17 

11 

11 

12 

10 

8 

Eange 


0 35 

056 

0 49 

0 56 

056 

0-42 

0-60 

0 35 

0 49 

0 49 

0-60 

0-35 

0 39 

0 35 

0 42 

0-28 


* These increases are determined on the basis of a percentile Increase over an initial control level, measured in terms of gram 
calories per second per square centimeter of stin surface 

+ In this table MS is used to designate morphine sulfate and MAM, monoacetylmorphine 


per cent of subjects whose increase in threshold 
of reaction to pain did not parallel their increase 
in threshold of perception of pain, the spread 
between the two end points ranged from 5 to 
49 per cent In some of these subjects the drug 
apparently had a relatively greater effect in 
raising the threshold of reaction to pain than in 
raising the threshold of perception of pain 


the greatest elevation of the threshold of per- 
ception of pain was obtained at the end of one and 
one-half hours, at which time the average in- 
crease for the entire group was 19 per cent, with 
a range of from zero to 42 per cent above the 
initial control figures From this point there 
was a gradual decrease until, at the end of four 
hours, the average elevation of threshold was 
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only 8 per cent In spite of the wide individual 
variations, there was absence of an appreciable 
response to the use of monoacetylmorphme m 1 
subject only — subject 3, who was 1 of the 2 
subjects who had shown a similar lack of le- 
sponse to the use of morphine sulfate 

The same reasons that made accurate measure- 
ment of reaction to pain impossible in the tests 
with morphine sulfate applied to experiments 
with monoacetylmoi pliine In geneial, however, 
no greater increases in the spread between per- 
ception of pain and leaction to pain were noted 
after the use of the latter diug than after the 
foi mei 



The curves represent average values obtained in 
studying a group of 20 normal persons The time 
intervals (abscissa) represent the number of minutes 
after the subcutaneous administration of a standard 
dose of morphine sulfate (broken line) or of mono- 
acetylmorphine hydrochloride (solid line) Ordinate 
values represent the percentage increases in threshold 
of pain perception above the initial control figure de- 
termined for each subject and expressed as zero 

Comparison of the average curves represent- 
ing the till eshold-raismg effects of the two drugs 
(chart 1) indicates a slight, if any, difference 
between them Apparently, the given dose of 
morphine sulfate (0 24 mg per kilogram of body 
weight) consistently had a slightly greater 
analgesic property than freshly prepared aqueous 
solutions of monoacetylmorphme in doses of 
one-fourth the amount by weight It should be 
pointed out, however, that the diffeience was 
not greatly in excess of the error inherent in 
the method employed 


B Pain Due to Musciilai Ischemia — In the 
13 subjects tested by the method described, 
severe aching pain m the forearm was produced 
consistently This pain was continuous through- 
out the experiment and increased m intensity 
after each interval of muscular contraction The 
blood pressure readings during the periods m 
which pain was produced were all elevated The 
average inciease ovei the normal systolic pies- 
sure was 23 pei cent, and that over the normal 
diastolic pressuie, 28 per cent Detailed readings 
of the blood piessure with individual variations 
are shown in table 2 

From the lesults of the expeiinients on cu- 
taneous pain due to heat radiation it was obvious 
that an appreciable analgesic effect of monoacetyl- 
morphine could be expected within thirty to sixty 
minutes after administration of the drug Accord- 
ingly, forty-five minutes after the injection its 
effects were measured by lepetition of the en- 
tire test Twelve of the 13 subjects noted that, 
although pain was still present, its intensity was 
distinctly diminished throughout the period dur- 
ing which vascular occlusion was maintained 
The accuracy of this observation was confirmed 
by the absence of any motor withdrawal or 
struggling, which had been piesent uniformly 
during the control experiment In spite of this 
definite diminution of pain following the use of 
the drug, the elevation of blood pressure during 
the production of pain did not differ appreciably 
from that previously noted — the average maxi- 
mum elevation of systolic pressure being 23 per 
cent for the entiie group and the maximum in- 
crease in diastolic pressure being 27 per cent 
Anothei inteiesting point was the subjective 
impression obtained by practically all the sub- 
jects that the test performed after the administra- 
tion of monoacetylmorphme covered a much 
shoiter period than the initial test When asked 
to state specifically how the time taken by the 
two tests compared, the subjects answered that 
the experiment following the drug was one- 
fourth to one-half as long as the control experi- 
ment Certain subjects described the pain as 
being sharply localized in the middle of the 
foiearm, as compared with its presence over the 
entire forearm, and sometimes the hand as well, 
when no drug was administered As had been 
noted in the tests on cutaneous pain due to 
heat radiation the 1 subject who failed to re- 
spond to the administration of either morphine 
sulfate or monoacetylmorphine again failed in 
the muscular ischemia test to demonstrate any 
subjective or objective change in sensitivity to 
pain following the injection of monoacetylmor- 
phine In over half the subjects, the total number 
of muscular contractions of the hand and fore- 
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arm during the period of pioduction of pain was 
materially increased after the administration of 
the drug as compared with the number recorded 
in the control experiments 

Side Reachons to Dyugs (table 3) — ^Almost 
without exception, during the course of the 


of 24 subjects After the injection of monoacetyl- 
morphme, only 1 subject had vomiting, and only 
7 complained of nausea Vomiting was pre- 
cipitated apparently m practically every instance 
by the subject’s attempt to walk The other side 
reactions noted after the admmistiation of mor- 


Table 2 — Results of the Aim Ischemia Test Before and Aftei Use of Monoacetylmorphme 










Changes in Blood Pressure 



Number of Contractions 
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Percentile 

Percentile 


First Period 

Second Period 

Third Period 

Blood 

Systolic Else 

Diastolic Else 













Subject 

Before 

After ’ 

Before 

After' 

Before 

After 

Before 

/ 

Before 

After’ 

^ A. 

Before 

After' 

Number 

Drug 

Drug 

Drug 

Drug 

Drug 

Drug 

Pain 

Drug 

Drug 

Drug 

Drug 

1 

65 

105 

20 

25 

5 


110/75 

SO 

24 

32 

29 

2 

100 

120 

8 

7 

3 

3 

105/60 

26 

32 

29 

30 

3 

59 

40 

5 

12 

0 

6 

135/75 

22 

20 

24 

23 

4 

48 

40 

4 

so 

0 

30 

120/85 

24 

16 

29 

26 

5 

76 

135 

40 

11 

8 

0 

115/75 

14 

20 

31 

25 

6 

114 

140 

15 

20 

12 

15 

110/60 

23 

23 

40 

40 

7 

72 

115 

40 

34 

23 

42 

120/60 

22 

23 

30 

30 

8 

60 

85 

16 

17 

12 


116/70 

85 

28 

SO 

29 

9 

80 

100 

20 

35 

35 


125/70 

24 

29 

32 

30 

10 

88 


30 

55 


61 

110/70 

27 

23 

30 

27 

11 

130 

178 

21 

65 

16 

88 

120/75 

26 

20 

SO 

25 

12 

no 

100 

60 

40 

SO 

20 

120/75 

13 

21 

25 

IS 

13 

90 


100 

60 

0 

0 

130/80 

14 

21 

20 

20 

Average no contractions 

84 

105 

26 

36 

11 

20 

Average rise 

23 

23 

28 

27 



Table 

3 — Side 

Reactions 

FoUoiuing 

Use 

of Molphtnc 

Sulfate 

and 

M onoacetylmol phtne 



Subject 

No 

Nausea 

Vomiting 

Depression 

Elation 

Itching 

Pallor 

Sweating 

Sleepiness 

Thirst 

Dizziness 

i 

MS 

mam' 

MS 

mam' 

MS 

mam' 

MS mam’ 

MS 

mam’ 

MS 

mam’ 

MS 

mam’ ms 

mam’ 

MS 

mam' 

' MS 

MAM 

1 

— 

— 

_ 

— 



— 

— 

— 
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— 

— 

— 

— 


— 

_ 

— 

+ 
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2 
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4* 
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— 
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— 
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+ 

+ 

+ 

+ 

+ 
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4* 

T 

+ 

+ 

— 

+ 

— 

5 


— 

-i- 

— 

+ 

— 

— 

— 

-1- 

+ 

+ 

+ 

+ 

— 

4- 

— 

+ 

— 

+ 

— 

6 

+ 


+ 

— 

O. 

— 

— 

+ 

— 

— 

++ 

+ 

+ 

— 

— 

— 

+ 

— 

+ 

— 

7 

4* 

— 


— 

— 

— 

— 

— 

__ 

— 

4- 

— 

— 

— 

4- 

— f- 

+ 

— 

+ 

4. 

8 

+ 

+ 

+ 

4- 

+ 

— 



— 

i- 

-i- 

+ 

+ 

+ 

- 

4. 

+ 

4. 

+ 

— 

9 

+ 

+ 

+ 
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— 

_ 

+ 

+ 

— 

4* 

+ 

T 

— 

-r 

+ 

+ 

— 

— 

— 

10 


— 

+ 

— 

+ 

— 

— 
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T 

— 

+ 

+ 

+ 

— 

+ 

4. 

+ 

— 

+ 

— 

11 

+ 

— 

— 

— 

+ 

— 

_ 

+ 

4- 

— 

+ 

4* 

+ 

— 

4- 

— 

4* 

— 

+ 

— 

12 

— 

— 

— 

— 

— 

— 

JL 

4- 

+ 

+ 

+ 

+ 

— 

~ 

— 

— 

+ 

— 

— 

— 

13 


— 

— 

— 

— 


— 

4- 

+ 

+ 

+ 

-r 

+ 

— 

— 

— 

+ 

— 

+ 

— 

14 

+ 

■+ 

+ 

— 


— 

— 



+ 

+ 

— 

+ 

— 

— 

— 

+ 

— 

+ 

— 

15 

-h 

— 

+ 

— 

+ 

-i- 

— 

4- 


4- 

+ 

-i- 

+ 

+ 

4 - 

— 

+ 

+ 

+ 

— 

16 

+ 

— 

+ 

— 

+ 

— 

— 


+ 


+ 
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— 
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— 

— 

+ 

— 

+ 

— 


— 

+ 

— 

— 

— 

18 

4- 

— 

+ 

— 

+ 

__ 

+ 

++ 
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4- 

4- 

+ 

— 
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+ 

— 

+ 

— 
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— 

+ 

— 

— 

_ 


— 

+ 

+ 

-1- 

— 

— 

— 

— 

_ 

+ 

— 

— 
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4* 

— 

+ 

— 

— 

— 

— 

— 

+ 

— 

— 

— 

— 

— 

-r 

— 

4“ 

— 

— 
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-i- 

— 

+ 

— 

— 

— 
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+ 

— 

+ 

— 

— 

— 

+ 

+ 

4* 

+ 

+ 

— 

22 

4* 


+ 

— 

+ 
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— 

+ 

+ 

+ 

+ 

+ 

— 

-i- 

4. 

4" 

— 

+ 

4- 

23 

+ 

+ 

4“ 
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— 
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4" 

+ 

+ 

+ 

+ 

4 - 

+ 

4* 

__ 

+ 

— 

24 

+ 

— 

+ 


— 

— 

— 

— 

+ 

+ 

+ 

+ 

— 

— 


+ 

4" 

— 

+ 

+ 
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— 

— 


— 


— 

— 

. 


— 

— 

— 


— 

— 

— 


— 


— 

subjects 

21 

7 

20 

1 

14 

1 

2 

8 

19 

12 

22 

17 

15 

4 

23 

10 

23 

5 

19 

4 


* MS indicates morphine sulfate MAM, monoacetylmorphine +, presence of side reaction, and — absence of side reaction 


expeiiments it was noted that the side reactions 
associated with the use of monoacetylmoiphme 
were less striking than those observed after the 
injection of morphine sulfate After injection of 
the latter diug, the most disagreeable reaction 
was nausea and vomiting, which occurred in 21 


phine sulfate, in their order of frequency, w'ere 
thirst, sleepiness, pallor, dizziness, itching and 
sw'eating, and in 1 instance a state of euphoria 
After the injection of monoacetylmorphine, dizzi- 
ness was only occasionally observed, being much 
less apparent than that resulting from morphine 
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sulfate, pallor and sweating, though expeiienced, 
weie much less intense, itching (geneiahzed or 
localized to the nose) was present in about the 
same degiee A state of euphoria, a striking 
sense of well-being and mental exhilai ation, 
however, was evident m 8 subjects after admin- 
istmtion of monoacetylmoiphine, as compared 
vim its piesence in 1 subject aftei injection of 
moiphme sulfate In general it can be stated 
that essentially no unpleasant effects weie noted 
aftei the use of monoacetylmorphme 

COMMENT 

The lesults of the studies on cutaneous pain 
due to heat ladiation indicate that in the dose 
used morphine sulfate vas only slightly, if at all, 
moie effective m its analgesic pioperties than 
monoacetylmoiphine, the difference observed be- 
ing little gi eater than the error inherent m the 
method The similaiity of the two drugs m their 
eftect on elevation of the thieshold of pain per- 
ception was equally apparent thioughout the 
foul houi period of the test, although the dose 
by weight of morphine sulfate was approximately 
foul times that of monoacetylmorphme There 
was little difference, either, m the effect of the 
two drugs on the thieshold of reaction to pain, 
as measured by the level at which wincing 
occurred As previously observed, 2 subjects 
obtained no analgesic eftect whatever from mor- 
phine sulfate, and 1 of the 2 subjects also failed 
to show any demonstrable response to mono- 
acetylmorphme when pain was tested by produc- 
tion of muscular ischemia 

The results of our expeiiments following the 
use of moiphine sulfate aie of mteiest as com- 
pared with the conclusions of Wolff and his 
collaborators,® who used essentially the same 
dose of the drug The shape of the curve, mdi- 
^ eating a rise m the threshold of pain perception 
aftei the administration of moiphme (chart), 
was similar to that , obtained by Wolff, but his 
maximum percental increase was much greatei 
^ than ours This disci epancy may be due to a 
difference in the quality of the sensation which 
was taken as the beginning of pain perception 
by the tvo laboi atones Slaughter,’' in similar 
studies with moiphme sulfate, obtained changes 
of the same magnitude of elevation of threshold, 
with regard to maximum effect and dui ation of 
action, as those we obtained 

6 Wolff, H G , Hardy, J D , and Goodell, H 

^ Studies on Pain Measurement of the Effect of 
Morphine, Codeine, and Other Opiates on the Pain 
Threshold and an Analysis of Their Relation to the 
Pam Experience, J Clin Investigation 19 659-680, 1940 
Hardy and associates - 

7 Slaughter, D Personal communication to the 
authors 


The clinical significance of the magnitude of 
the elevation of the thieshold of pain perception 
produced by the use of these two diugs is not 
clearly undei stood It is of interest to note that 
in curient studies being made on the effect of in- 
halation of nitrous oxide on perception of pain, a 
subject who had shown an elevation m the thresh- 
old of pain perception of 18 per cent after the 
use of moiphme sulfate and of monoacetylmor- 
phine, m the doses employed m this study, had 
an elevation of 20 per cent after the inhalation 
of a 50 pel cent mixture of nitrous oxide and 
oxygen Shortly after this change m threshold 
following the inhalation of nitrous oxide had 
been lecorded, the subject lost consciousness 
Foi a proper evaluation of this result, it is to 
be recalled that mixtuies containing nitrous oxide 
in 50 pei cent concentration aie used routinely 
for relief of labor pains, a fact which offeis 
indirect evidence of the clinical significance to be 
attached to the degree of elevation of the thresh- 
old of pain following the use of the analgesic 
diugs employed in the present study 

The striking i eduction m pain resulting from 
muscular contraction in the presence of complete 
vascular occlusion produced by the use of mono- 
acetylmorphme is m entire agreement with the 
observations on pain produced by heat radiation 
An important difference m the types of pain 
produced by the two methods deserves comment, 
however The pain produced by muscular con- 
traction in the presence of muscular ischemia 
IS a sustained type, more compaiable to pain 
observed clinically than that produced by single, 
short periods of cutaneous stimulation by intense 
heat In the experiments on muscular ischemia 
it was frequently observed that the use of mono- 
acetylmorphme permitted the subject to contract 
his fist for longer peiiods than was previously 
possible without the use of the drug Since m 
this expel iment both pain and fatigue contiibute 
to the subject’s inability to perform continued 
muscular contractions, it is readily conceivable 
that the administration of monoacetylmorphme 
might, m addition to its analgesic effect, appreci- 
ably prolong the ability to continue musculai 
effort Such an effect would be of extreme im- 
portance in instances m which it is necessary to 
move wounded or traumatized patients over 
great distances 

A further suggestion that the use of mono- 
acet}lmoiphine may be preferable to that of 
morphine sulfate with ambulatory patients suf- 
fering from painful lesions is to be found in the 
fact that with the former drug not only were 
few important side reactions encountered but a 
state of moderate euphoiia was frequently asso- 
ciated with Its analgesic action The stimu- 
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latmg effect might be a deciding factor in 
enabling the patient voluntarily to cooperate in 
his mobilization On the other hand, the very 
absence of side effects makes the possibility of 
addiction to monoacetylmorphme greater than 
that to morphine sulfate, and this fact is empha- 
sized Although studies on the possible deterio- 
ration of monoacetylmorphme in aqueous solu- 
tion are not conclusive, our observations sug- 
gest the need for caieful study of the physical 
properties of the diug under varying conditions 
of temperature, solution and the like 

SUMMARY 

1 Comparative studies on a gioup of 24 noimal 
subjects on the analgesic effects of morphine 
sulfate and of monoacetylmorphme on cutaneous 
pain produced by the heat radiation method of 
W olff and Hardy and on muscular pain produced 
by muscular exercise under conditions of com- 
plete vascular occlusion of an extremity (mus- 
cular ischemia) indicate that a given dose of 


monoacetylmorphme is about four times as 
effective as a similar dose of moiphme sulfate 
in control of pain, as regards both the maximum 
elevation of threshold obtained and the duration 
of its action 

2 The side reactions incident to the use of 
monoacetylmorphme are distinctly less tl|an 
those associated with the administration of mor- 
phine sulfate This is particularly true with 
regard to the occurrence of nausea and vomiting 

3 The use of monoacetylmorphme, m addi- 
tion to its analgesic effect, appears to permit in- 
creased voluntary musculai effoit m the piesence 
of severe pain, as evidenced by the experiments 
with muscular ischemia 

4 Notable individual variations occurred in 
the responses to each of the drugs employed 
Two subjects obtained no measurable analgesic 
effect from morphine sulfate and relatively little 
from monoacetylmorphme 

Massachusetts General Hospital 



POSTOPERATIVE THROMBOCYTOSIS 
LIEUTENANT ELIJAH ADAMS 
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Among experimental and clinical measures 
which are leported to raise the platelet count, 
surgical procedures, particularly splenectomy, 
have attracted much attention This phenomenon 
IS of interest for at least two reasons First, the 
rise m the platelet count is more difficult to 
rationalize than many of the other thrombocyto- 
ses, such as those related to piimary augmenta- 
tion of the function of the bone marrow , second, 
the association of platelets with the clotting 
process has led to the loosely formulated belief 
that their inciease aftei a surgical operation is 
connected with the occurrence of postoperative 
thrombosis 

The first extensive clinical investigation of this 
subject to be reported was that of Hueck^ in 
1925, who studied 100 varied surgical patients 
and found a brief fall in the platelet count post- 
operatively, followed by a rise to as much as thiee 
times the normal preoperative level Hueck 
found the rise to begin at about the seventh post- 
operative day and the count to return to the 
preoperative level by two weeks after opeiation 
Dawbarn, Earlam and Evans ^ made one of the 
most comprehensive studies reported m English 
Fifty patients were found to show a substantial 
rise in platelets after operation, the maximal 
values being reached on the tenth postoperative 
day The authors were impressed by a general 
correlation between the extent of the operation 
^ and the degree of increase m platelets and sug- 
gested that the elevation might be related to the 
reabsorption of neciotic tissue 

j A number of coi roborative papers have since 
' appealed, among them those of Normann,^ 
Konig ^ and Gi adwohl and Hiller ^ A single 

From the Department of Medicine, The Univer- 
sity of Rochester School of Medicine and Dentistry, 
and the Strong Memorial and Rochester Municipal 
Hospitals 

1 Hueck Blutplattchenveranderungen nach Opera- 
tionen, Munchen med Wchnschr 73 173, 1925 

2 Dawbarn, R T , Earlam, F , and Evans, W H 
Relation of Blood Platelets to Thrombosis After Par- 

r tuntion and Pregnancy, J Path & Bact 31 833, 1928 

3 Normann, E Wie verhalten sich die Thrombo- 
' cyten nach operative behandelten Krankheitsfallen und 

bie der Entstehung postoperative Thrombose? Deutsche 
Ztschr f Chir 212.166, 1928 


study of the platelet volume postoperatively ® 
indicated that theie is actually more ciiculatmg 
platelet material and answered the question as 
to whether the rise represents merely an increase 
m the amount of platelet fragmentation Experi- 
mental animals have yielded approximately the 
same results as human patients Several investi- 
gators have demonstrated a moderate but sig- 
nificant use in the rabbit 

The observation of a postoperative and post- 
tiaumatic rise m the platelet count has not gone 
unchallenged Allen ® in 1927 was unable to 
discover any variation from normal m 12 patients 
followed postoperatively , details of counting 
technic and length of follow-up were not pre- 
sented Fisher ° likewise reported no significant 
changes in the counts of 6 patients after opera- 
tion, but he pointed out that these persons were 
followed for only six days each The most formi- 
dable negative report is a recent one by Potts 
and Pearl In a group of 52 patients who had 
had major operations, they found only minimal 
changes consisting m an average rise of 9 per 
cent above the preoperative level of platelets 

The thrombocytosis occurring after splenec- 
tomy is accepted more universally than that re- 

4 Konig, W Expenmentelle Untersuchungen uber 
die Entstehung der Thrombose, Arch f khn Chir 
171 447, 1932 

5 Gradwohl, R , and Hiller, S T Blood Platelet 
Count in Postoperative Thrombosis, J Mississippi M A 
31 392, 1934 

6 Evans, W I , and Fowler, W M Effect of 
Splenectomy and Other Operations on Platelets as 
Determined Volumetncally, Proc Soc Exper Biol & 
Med 32 512, 1934 

7 Bachman, E L , and Hultgren, G Influence de 
I’lntervention chirurgicale sur la teneur du sang en 
thrombocytes, Compt rend Soc de biol 94 942, 1926 
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ported to follow other types of operation The 
highest platelet counts encountered are those foi 
splenectomized patients, and it is lecognized 
that these high levels may be maintained for 
many months following opeiation The rise 
occurring after splenectomy is found m a variety 
of diseases involving the spleen, as well as aftei 
lemoval of the noimal traumatically ruptured 
spleen While the cause of the thrombocytosis 
which occurs after other operations is poorly 
undei stood, it is believed that after splenectomy 
increases m platelets aie due, at least m pait, 
to the removal of the normal thrombolytic 
activity of that portion of the i eticuloendothelial 
system Bedson offers some experimental 
corroboration of this view 

Although the occurrence of a postoperative 
thrombocytosis seems fairly well established, 
many of the confirmatoiy studies are based on 
varied and poorly controlled methods of count- 
ing In addition, as pieviously mentioned, there 
are several negative reports in the literature 
Therefore, it is worth while to report some ob- 
servations on a group of surgical patients with a 
simple diiect venous platelet-counting method, 
the advantages of which have been discussed by 
Tocantins 

METHODS 

After several different counting methods had 
been tried, a method essentially that of Nygaard 
was found most satisfactory This is a direct 
plasma platelet count which has many of the 
advantages of Thomsen’s technic but escapes 
the disadvantage of requiring a hematocrit 
determination 

The materials required include a 10 cc syringe 
calibrated m single cubic centimeters , 50 cc 

11 Tocantins, L M The Mammalian Blood Plate- 
let m Health and Disease, Medicine 17 155, 1938 

12 Gallovay, J F Blood Platelets After Splenec- 
tomj'-, Lancet 2 1235, 1931 

13 (a) Woolstem, M , and Kreidel, K Blood Pic- 

ture After Splenectomy in Children, Am J Dis Child 
51 765 (April) 1936 (&) Krumbhaar, E B Changes 

Produced in Blood Picture by Removal of Normal 
Mammalian Spleen, Am J M Sc 181 215, 1932 (c) 

Evans, W H Blood Changes After Splenectomy, 
J Path & Bact 31 815, 1928 

14 Bedson, S P Effect of Splenectomy on Experi- 
mental Purpura, Lancet 2 1117, 1924 

15 Tocantins, L M Technical Methods for the 
Study of Blood Platelets, Arch Path 23 850 (June) 
1937 

16 KAgaard, K K Direct Method of Counting 
Platelets in Oxalated Plasma, Proc Staff Meet , Mayo 
Clin 8 365, 1933 

17 Thomsen, O A Method for the Direct Count 
of Blood Plates m the Blood, Acta med Scandinav 
53 507, 1920 


contiifuge tubes, a steiile 1 1 per cent solution 
of sodium oxalate, an unstenle refiigerated 1 1 
per cent solution of sodium oxalate, and uncal- 
ibrated capillary pipets 

Through a 20 gage needle, a 10 cc syiinge is 
carefully filled with steiile 1 1 pei cent sodium 
oxalate solution exactly to the 9 cc maik A 
venipuncture is done with minimal trauma, and 
with light or no stasis If stasis is used, the 
tourniquet should be leleased as soon as the 
vein IS entered, and five seconds should elapse 
befoie the blood is withdrawn Blood is then 
lemoved until exactly 1 cc has been taken — i e, 
the plunger of the syringe is at the 10 cc mark 
The resultant blood-oxalate mixture is placed 
m a clean dry 50 cc centiifuge tube, and with 
the same syiinge and needle an additional 30 cc 
of 1 1 per cent sodium oxalate solution, which 
need not be sterile, is transferred to the centii- 
fuge tube, so as to make a resultant 1 40 dilution 
of the original 1 cc of blood This is now mixed 
by inverting, and then the centrifuge tube is 
capped to prevent evaporation and is placed 
upiight in a cool place to await sedimentation of 
the red and white cells When a narrow but 
definite bank of clear plasma-oxalate has appeared 
at the top of the fluid (usually one to two hours), 
a small amount of this overlying oxalated plasma 
IS taken up in a clean dry capillary pipet and 
placed in both sides of a counting chamber^® 
After at least ten minutes is allowed for the 
platelets to settle, the count is made with the 
high dry lens (400 diameters) under reduced 
light The field seen is almost free of red and 
white cells and contains chiefly platelets These 
appeal typically as small (2 to 5 micron), 
sharply defined bodies, which are either highl) 
refractile or daik, depending on the cleainess of 
focus They are usually globulai but may pre- 
sent long processes or ii regular shapes, as noted 
by many observers Ten small squares are 
counted foi each determination, five on each side 
of the chamber, as for a red cell count, and the 
result multiplied by the dilution factor of 1,000 
(blood dilution 1 40, 0 04 cu mm of blood 
counted m ten small squares) to gne the numbei 
of platelets per cubic millimeter of whole blood 

In Thomsen’s method, the error made b} 
counting platelets in virtually cell-fiee oxalated 
plasma and then calculating them for whole 
blood IS a consideiable one, which requires col- 
lection by the hematocrit reading With the 

18 Lev^-Hausser dark line chambers were used 
throughout 

19 Ferguson, J H Observations on the Alterations 
of Blood Platelets as a Factor in the Coagulation ot 
the Blood, Am J Phvsiol 108 670, 1934 
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high dilution of blood employed in the present 
method, ho^\ever, this eiior becomes negligible 
Nygaard calculates that even with a hematocrit 
reading of 75 per cent only 3 75 per cent need 
be subtracted from the platelet count made in a 
final blood-oxalate dilution of 1 20 With a 
1 40 dilution, as was employed in the counts to 
be reported, the error is much smaller 

The presence of bacteria, which resemble 
platelets in the counting chamber and may there- 
fore artificially raise the count, is avoided by 
employing only diluting fluid that is eithei 
sterile or refrigerated Repeated blank counts on 
the - unsterile diluting fluid alone have never 
shown the presence of more than 5 to 10 platelet- 
hke bodies in the total area examined 

Still another factor must be considered in a 
method which depends on differential sedimenta- 
tion of the red cells and the platelets the magm- 


sible source of error Wright showed that the 
magnitude of this error could be considerable and 
that the degree of loss of platelets from solutions 
by this route varied inversely with the concen- 
tration of anticoagulant used In an attempt to 
evaluate this factor, preparations exacth like 
those used for counting were centrifuged at 
1,600 revolutions per minute foi one minute and 
samples of the platelet-rich supernatant were 
placed in each of two test tubes, one paraffined 
and the other plain These tubes weie slowly 
rotated, and platelet counts were made on 
samples from them at short intervals It was 
found for both a normal subject and a postopera- 
tive patient that no significant drop m the 
number of platelets occurred during the first two 
hours and that there was no appreciable difference 
in this period between the concentration of plate- 
lets m the pai affined and that m the nonparaffined 


Preoperative and Maximum Postoperative Platelet Counts in a Sample Group of Patients 


Patient 

Name 

Sex 

Age 

Operation 

Last 

Pre operative 
Count 
Platelets 
per C Mm 

Maximum 
Postoperative 
Count 
Platelets 
per C Mm 

Post- 

operative 

Day 

(Maximum 

Count) 

Per Cent 
Else 

1 

J C 

M 

83 

Hip pinning 

314,000 

393,000 

11 

25 

3 

I V 

M 

23 

Laminectomy 

387,000 

817,000 

9 

no 

4 

M V 

F 

43 

Herniorrhaphy 

277,000 

605,000 

6 

118 

5 

0 M 

M 

71 

Nephrectomy 

522,000 

841,000 

16 

61 

6 

A M 

M 

74 

Prostatectomy 

241,000 

384,000 

8 

59 

7 

F G 

M 

35 

Midthigh amputation 

293,000 

562,000 

11 

91 

11 

E U 

M 

24 

Laparotomy 

464,000 

603,000 

6 

28 

12 

G P 

F 

56 

Laparotomy 

498,000 

711,000 

0 

42 

13 

M B 

F 

60 

Resection oi colon 

464,000 

538,000 

13 

16 

14 

A K 

F 

55 

Cholecystectomy 

422,000 

671,000 

20 

59 

34 

J W 

M 

54 

Midthigh amputation 

382,000 

654,000 

12 

72 

39 

S H 

M 

45 

Herniorrhaphy 

325,000 

397,000 

10 

22 

10 

C M 

M 

42 

Splenectomy 

113,000 

1,800,000 

11 

1,470 

18 

W T 

M 

23 

Splenectomy 

348,000 

1,489,000 

11 
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tude of the factor of loss of platelets from the 
overlying suspension by sedimentation and by 
adhesiveness to the glass walls of the container 
Tiials w'ere made of the suspension stability of 
platelets in preparations identical with those used 
for the counts reported Blood was taken from 
2 ostensibly normal persons and from 2 post- 
opeiative patients with elevated platelet counts 
Seiial counts were made on each of these speci- 
mens over a period of twenty-four hours, samples 
being aspirated from three different levels of each 
preparation (top, middle and bottom of the clear 
ovei lying layer) at the end of each time inter- 
^ al These platelet suspensions were found to be 
stable for at least six hours, and within this 
period the counts made on them did not vary 
significant!} with time or region 

Since pai affined tubes nere not routinely 
used, adhesiveness of platelets — chiefly to the 
glass nails of the container — nas anothei pos- 


tube The disparity between these lesults and 
those of Wright is probably ascnbable to the 
much higher concentiation of anticoagulant 
used for the diluting fluid in the present studies, 
as well as to the use of greatly diluted plasma 

A final test of the method, and the most rea- 
listic one, was a series of six sets of duplicate 
counts made for the same persons at the same 
time When blood was withdrawn from each 
of the two arms and prepared and examined foi 
platelets separately, the average discrepancy in 
the two counts of each set was onl} 6 per cent 

RESULTS 

1 Noi mal Counts — Platelet counts n ei e made 
for 36 ostensibly normal }Oung persons, includ- 
ing nurses, medical students and patients hos- 

20 Wright, H P The Adhesneness of Blood 
Platelets in Normal Subjects with Varjing Concen- 
trations of A,nti-Coagulants, J Path & Bact 53 255, 

mi 
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pitalized for functional psychiatric disoi ders The 
average of these counts was 322,000 per cubic 
millimeter, with a range of from 236,000 to 445,- 
000 It IS of interest that the average of these 
36 counts IS approximately the same as Ny- 
gaard’s average for a much larger series of nor- 
mal counts, “about 320,000 per cubic millime- 
ter ” 

2 Pi eope)ative Counts — Pieoperative counts 
were made for 63 varied surgical patients, many 
of w^hom were subsequently followed postopera- 
tively The average for this gioup was 365,000 



Chart 1 — Individual examples of postoperative plate- 
let changes 


per cubic millimeter The difference between this 
and the normal average, if significant, can per- 
haps be ascribed to the presence among the 
preoperative group of chronic infections and 
other disorders knowm to elevate the platelet 
count Serial counts on alternate days were 
done preoperatively for a number of these per- 
sons for variable periods up to a month without 
the appearance of any large fluctuations in the 
preoperative level of platelets 

3 Postopei atwe Counts — Forty-one patients 
chosen at random were followed postoperatively 
for periods ranging from eight to thirty-six days 
These patients were suffering from various dis- 
oi ders and underwent varied types of operations, 
including splenectom}’- In the table are shown 
the degree and the time of occurrence of the 
maximum postoperative rise m a sample group 
of the subjects followed, since space does not 
permit detailed presentation of these data for the 
entire group The percentage rise is calculated 
on the basis of the last preoperative count as 100 
per cent For most patients only one preopera- 
tive count was done , the remaining ones had no 
preoperative counts significantly or consistently 
higher than the final count preceding operation 
Charts 1 and 2 show" graphically the time rela- 


tions and the extent of the changes in platelet 
level for seveial of the patients followed Chart 
3 IS a graphic summary of the complete data pre- 
senting the averaged absolute counts and per- 
centage differences throughout the period that ' 
patients were followed The values for the aver- 
age platelet count of the normal group and those 
of the preoperative group are superimposed for 
comparison in the lowei half of chart 3, while 
in the upper half the percentage values of the 
average platelet count at the various days are 
calculated on the basis of the final preoperative 
count as 100 per cent 

In evaluating the series of postoperative plate- 
let counts, one is faced with a number of com- 
plexities It IS clear that there are many factors 
in surgical procedures beyond the mei e operative 
onslaught, all of which may have a profound 
effect on the platelet count These patients pre- 
sented different disease pictures originally, under- " 
went operations of varying type and extent and 
lost variable amounts of blood Some were given 
transfusions before and after operation and some 
received sulfonamide compounds as well as other 
drugs before and after operation In addition, a 
number of the patients had various postopei ative 
febrile complications, such as pneumonia, infec- 
tion of the wound or infection of the urinary 
tract These varied factors might be expected 
to have some effect on the concentration of 
platelets in the peripheral circulation At pres- 
ent, however, there is no way of eliminating these 
variables, which will no doubt be found in any 
group of surgical patients Hence one can only 
neglect them, after calling attention to their pres- 
ence 

Excluding the 2 splenectomized patients from 
consideration, 22 of the 39 remaining patients 



Chart 2 — Individual examples of postoperative plate- 
let changes The line of short dashes represents case 8 
(abdominoperineal resection) , the solid line, case 15 
(sigmoid resection), and the line of longer dashes, 
case 21 (nephrolithotomy) 

had a postoperative rise of platelets amounting to 
more than twice the standard deviation of the 
group of preoperative counts (105,000 per cubic 
millimeter) This degree of increase is taken 
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conservatively to be significant, although inspec- 
tion of the individual piotocols suggests a gi eater 
incidence of significant elevations 

In charts 1 and 2 are shown several represen- 
tative individual platelet responses to operations 
Among the most convincing are those of patients 
who had two separate operations, each succeeded 
by a distinct use m the platelet count Case 28 
exemplifies this Cecostomy was followed by an 
immediate and rapidly receding increment in the 
platelet count A volvulus then developed, re- 
quiring immediate operation on the fourteenth 
day after cecostomy, when the platelet count had 
already returned to its preoperative level After 
this incident, a higher, more sustained elevation 
occurred, with a peak at slightly over 1,000,000 
per cubic millimeter Thirty-five days postop- 
eratively the count had reached an approximately 
normal level Case 21 is charted because it is a 
typical example of the postoperative change in 
the platelet count, with its peak between the 



Chart 3 — Average absolute and percentage rise m 
the platelet count of 41 patients following operation 

tenth and the fifteenth day Case 15 demon- 
strates the relative constancy of serial preopera- 
tive counts for these patients, which was noted 
for most, but not all, of the persons followed 
The platelet response in case 18 is rather typical 
of that following splenectomy, as reported by 
othei investigators previously mentioned Case 
8 demonstrates that a substantial rise in platelets 
may occur postoperatively even though the pre- 
opeiative level of platelets is already much 
elevated 

These data suppoit the conclusion that a 
significant rise in the level of blood platelets 
occuis postoperatively but that it is a variable 
one, ranging from 30 per cent to more than 
100 per cent above the preoperative level It 
seems equally true that this phenomenon is not 
demonstiable in every case 

The time relations of the maximal use are 
likewise vaiiable The period from the seventh 
to the twentieth postoperative day includes the 


gieat majority of the individual peaks, and 
these aie most frequent m the interval between 
the tenth and the fourteenth day inclusive — 
an obseivation m substantial agreement with 
the lesults of previous investigators The maxi- 
mal platelet counts of the subjects in this study, 
howevei, occurred anywhere from the day of 
opeiation to the twenty-first postoperative day 

COMMENT 

Postoperative thiombocytosis is difficult of 
explanation, in part because the rise following 
operation is so long delayed (eight to fifteen 
daj^s) TJie hypothesis generally offered is that 
it IS in some manner dependent on absorption 
from the wound of necrotic material, exudate, 
etc , a point of view which is supported by 
ceitain experimental observations Konig^ and 
Zschau,^^ for example, demonstrated a similar 
use m platelets after the parenteral administra- 
tion of isogenous tissue extracts and the im- 
plantation of autogenous muscle giafts m ani- 
mals Pohle likewise suggested that the 
periodic postmenstrual rise in platelets in normal 
women may be due to the absorption of necrotic 
endometiium Moreover, Dawbarn, Earlam 
and Evans ® explained the increase in platelets 
during convalescence from pneumonia on the 
basis of absorption of the resolving exudate 
An alternative hypothesis was originally sug- 
gested by Hayem that the thrombocytosis 
IS an overcompensatory lesponse to the initial 
thrombopenia noted both in immediate post- 
opeiative periods and during acute infections 

The etiologic significance of postoperative 
thrombocytosis in the occurrence of clinical 
thiombosis is a problem which requires much 
clarification Platelets are believed to function 
in blood coagulation by virtue of two fundamen- 
tal mechanisms (1) the release of thrombo- 
plastin in initiating the plasma clotting process 
and (2) agglutination, either reversible or 
irreversible, to each other and to vascular endo- 
thelium These functions are distinctly sepa- 
rated in lower forms, such as Limulus,^^ and 
may be experimentally separated in the mam- 
mal by the use of heparin The importance 

21 Zschau, H Untersuchungen zur Thrombosefrage, 
Deutsches Arch f klin Chir 230 13, 1931 

22 Pohle, F J Blood Platelet Count in Relation 
to Menstrual Cycle in Normal Women, Am J M Sc 
197 40, 1939 

23 Hayem, G De la crise hematique dans les mala- 
dies aigues a defervescence brusque, Compt rend Acad 
d sc 94 200, 1882 

24 Loeb, L Amoeboid Movement and Agglutination 
in Amoeboc>tes of Limulus, Protoplasma 2 572, 1927 

25 Solandt, D Y , and Best, C H Time Relations 
of Heparin Action on Blood Clotting and Platelet 
Agglutination, Lancet 1 1942, 1940 
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of either or both together (as interdependent 
events in clotting) in initiating clinical throm- 
bosis has not been assessed, nor is it known 
whether a tendency towaid intravascular clotting 
by either mechanism is significantly enhanced 
by the mere presence of a greatei number of 
circulating platelets In fact, it would seem 
that, while the clotting of plasma is appreciably 
slowed by marked reduction in the numbei of 
contained platelets, yet even a great increment 
in their concentration has no efiect in the reverse 
direction of accelerating clotting The purely 
agglutinative properties of platelets acquire more 
interest, however, in the light of the present 
belief that antemortem thrombi are first formed 
from agglutinated platelets and that the red 
portions of the clot are foimed only later from 
all the elements of the circulating blood 

Functional changes in platelets postoperatively 
have been examined m a number of ways m 
lecent years The agglutmabihty of platelets 
has been found to be enhanced m the presence 
of clinical thrombosis and postoperatively 
The adhesiveness of blood platelets, measured 
by a simple method, has recently been shown to 
increase postoperatively, paralleling the post- 
operative thrombocytosis A decrease in the 
1 esistance of platelets to hypertonic solutions has 
also been noted in the thrombocytoses occurring 
after infections and after operations 

Satisfactory empiric evidence that thrombocy- 
tosis increases the chances of thrombosis, how- 

26 Eagle, H Studies on Blood Coagulation 
Role of Prothrombin and of Platelets in the Formation 
of Thrombi, J Gen Physiol 18 531, 1935 Nygaard, 
K K Hemorrhagic Diseases, St Louis, C V Mosby 
Company, 1941 

27 Bizzozero, J Ueber emen neuen Formbestandteil 
des Blutes und dessen Rolle bei der Thrombose und 
der Blutgennnung, Virchows Arch f path Anat 90 
261, 1882 Welch, W H The Structure of White 
Thrombi, in Papers and Addresses, Baltimore, Johns 
Hopkins Press, 1920, vol 1, p 47 Shionoya, T 
Studies in Experimental Extracorporeal Thrombosis, 
J Exper Med 46 18, 1927 Best, C H , Cowan, C , 
and Maclean, D L Heparin and the Formation of 
White Thrombi, J Physiol 92 20, 1938 

28 Jurgens, R , and Bach, K Thromboseneigung 
m Polycythemia Vera, Deutsches Aich f klin Med 
176 626, 1934 

29 Heusser, H Postoperative Blutveranderungen 
und ihre Bedeutung fur die Entstehung der Thrombose, 
Deutsche Ztschr f Chir 210 132, 1928 Jurgens, R, 
and Naumann, W KImische und experimentelle 
Untersuchungen uber Funktionen der Blutplattchen, 
Deutsches Arch f klin Med 172 248, 1932 

30 Wright, H P Changes in the Adhesiveness of 
Blood Platelets Following Parturition and Surgical 
Operations, J Path & Bact 54 461, 1942 

31 Olef, I The Rate of Disintegration of Platelets, 
J Lab & Clin Med 22 128, 1936 Konig ^ 


evei IS SO fat lacking While periplieial and 
mesenteric thromboses are not infrequent after 
splenectomy for splenic anemia,®" they do not 
occur so commonly after splenectomy for other 
conditions, although operations of the lattei 
type are followed by an equally pronounced 
thrombocytosis Fatal thromboses have been 
often reported in the presence of a noimal or 
subnormal platelet count,®^ while theie are 
numeious instances of extremely high counts 
uncomplicated by evidence of thrombosis 

Although the series heie studied is admittedly 
small, the data presented seem neither to support 
clearly nor to argue against the tissue-trauma 
hypothesis of postoperative tin ombocytosis It 
IS true that inspection of the data show s a rough" 
correlation between the extent of operation and 
the degree and maintenance of the postoperative 
elevation The patients subjected to major ab- 
dominal opeiations involving a good deal of dis- 
section and manipulation clearly showed a 
greater platelet response than those who w^ere 
recovering from operations such as subtotal 
thyroidectomy In the middle range of surgical 
proceduies, however — the perineal prostatec- 
tomies, herniorrhaphies, laparotomies, etc — the 
postoperative elevations tvere variable and 
seemed not to depend closely on the seventy of 
the operation 

Dififerential platelet counts were not attempted, 
but it was noted incidentally that in many cases 
the average size of the postopei ative platelets, 
as seen in the counting chamber, was reduced, 
sometimes strikingly so, compared with the 
same patient’s platelets preoperatively The pos- 
sible significance of this fact has been discussed 
by Olef 

In only 1 patient did a serious thrombo- 
embolic accident complicate the postoperative 
course This occurred in a 72 year old man 
who was operated on for carcinoma of the recto- 
sigmoid Three days before operation the plate- 
let count was 1,221,000 per cubic millimeter It 
rose to 1,489,000 on the evening of the day of 
operation and fell to approximately 1,000,000 
on the fourth postoperative day On the fifth 
day the patient died suddenly of the effects of a 

32 Rosenthal, N Clinical and Hematological Studies 
on Banti’s Disease, J A M A 84 1887 (June 20) 1925 

33 Patey, P H , in Discussion on Postoperative 
Thrombosis, Proc Roy Soc Med 22 733, 1929 

34 (a) Bryce, A G Splenectomy and Thrombosis, 

Lancet 2 1423, 1932 (b) Mackay, W The Blood 

Platelet Its Clinical Significance, Quart J Med 24 
285, 1924 (c) Evans and Fowler ® 

35 Olef, I The Differential Platelet Count Its 
Clinical Significance, Arch Int Med 57 1136 (June) 
1936 
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laige pulmonaiy embolism Autopsy levealed 
the presence of large antemortem clots in the 
peiipiostatic veins and the mfeiior vena cava 
In this pel son two phenomena weie observed 
^a high thrombocyte count and a postoperative 
till omboembolic accident Suggestive as they 
aie, however, they ofter none but the usual 
suppositious evidence foi the platelet factor 
in thrombosis In the first place, the increase 
111 the platelets was not actually postoperative, 
since the count of 1,221,000 per cubic millinietei 
vas made three days befoie opeiation Furthei- 
niore, theie were present in this series of studies 
4 othei platelet levels above 1,000,000 per cubic 
millimeter, 1 occuinng in a pieopeiative patient 
with a bleeding gastiic ulcei, anotliei occuinng 
on the twenty-fiist day follownng cccostoni}^ 
(chart 1) and the lemaining 2 occuinng m the 


2 splenectomized patients None of these patients 
exhibited any clinical evidence of thrombosis or 
embolism 

CONCLUSIONS 

1 A substantial postoperative rise m the level 
of the blood platelets is a phenomenon which 
occuis commonly, though not without exception 

2 The degiee and time of the maximal ele- 
vation aie variable, although a majority of the 
patients show the maximal use between the 
tenth and the fifteenth postoperative day 

3 No definite coi relation between the extent 
of the opeiation and the degiee of the postopera- 
tive use can be established, although a lOugh 
lelationship is suggested 

Di John S Lawrence gave encouiagement and 
advice thioughout this work 
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There has been sustained inteiest in the shock 
therapies since 1932, when Sakel ^ introduced 
insulin coma for schizophrenia Its use for sev- 
eral 3 ?ears was lather empiric, and today it is 
used only in selected cases In 1935 Meduna ^ 
added metrazol convulsive therapy to the treat- 
ment of schizophrenia It was soon found, how- 
ever, to be most effective for the depressed states, 
particularly the reactive depiessions It was 
heralded as a specific for the depiessions but was 
frowned on because of its orthopedic complica- 
tions and the fears patients expressed toward it 

It IS five years since electric shock therapy was 
introduced by Cerletti and Bini ® There are now 
available a sufficient numbei of reports on this 
therapy to permit some definite conclusions 
Electric shock has been accepted with consider- 
able enthusiasm , and, although most investigators 
have been disappointed by their results in the 
treatment of some psychoses, particular!} schi- 
zophrenia, it is an almost specific therapy for the 
depressions 

The purpose of this paper is to review the 
present status of electric shock therapy and to 
present an additional 100 cases We feel that 
these cases will be of particular interest because 
most of them deal with mental disease in its in- 
cipiency, many of the patients having been re- 
ferred from the offices of general practitioners or 
of specialists who recognized in their patients the 
need for psychiatric care Included, too, are 
the cases of treated patients who had been un- 
dei our care for some time in our hospital or our 
outpatient clinic 

Electric shock therapy has almost completely 
replaced metrazol convulsive therapy because of 
certain advantages in its administration, most 
obvious of which is the absence of apprehension 

From the Division of Neuropsychiatry, Department 
of Medicine, Henry Ford Hospital 

1 Sakel, M Neue Behandlungsmethode der Schizo- 
phrenia, Vienna, Moritz Press, 1935 

2 Meduna, L New Methods of Medical Treatment 
of Schizophrenia, Arch Neurol & Psychiat 35 361 
(Feb) 1936 

3 Cerletti, U , and Bini, L Un nuo\o metodo di 
shockterapia “I’elettro-shock” (riassunto). Boll ed 
atti d r Acad med di Roma 64 136, 1938 


or panic in the patient, which was commonly en- 
countered with metrazol In addition to this, 
the seizure with the electric shock method can be 
more umfoimly produced in a given person than 
it can with the drug method Also, the seizure 
with electric shock is not so severe, and its re- 
sulting complications, therefoie, are not so fre- 
quent 

The appai atus used in electric shock is a com- 
pact unit and easily carried There are several 
makes available, but all are built on the same" 
plan Ordinary alternating “house” current of 
80 to 150 volts IS used, and the strength is set 
m milhamperes vaiying from 300 to 650 and 
flowing for one tenth to eight tenths of a second 
We have used 110 volts with the milhamperage 
between 400 and 450 for three tenths or five 
tenths of a second in the average case We pro- 
duced the desired response in 1 patient with 350 
milhamperes for three tenths of a second, and 1 
patient required 650 milhamperes foi five tenths 
of a second to produce a convulsive response 
Generally speaking, the strength of the current 
required depends on the size of the patient — ^the 
largei the subject the greatei the strength re- 
quired This is, however, by no means the rule 
There are three types of reaction which may 
occur Smith, Hughes and Hastings ^ called 
these the “missed,” the “equivalent” and the 
“grand mal” reaction In the missed reaction 
there is a sudden start with almost immediate t 
consciousness and no lecollection of the episode 
In the equivalent reaction there is the sudden 
start but the patient does not regain conscious- ' 
ness for a period of seconds to minutes There 
is usually apnea during this period There may 
be some spasticity and twitching of the extremi- 
ties The patient then rouses slowly during the 
next ten to fifteen minutes Some believe this 
reaction to be equivalent therapeutically to the 
convulsive, or grand mal, response We do not 
believe this to be the case, and we endeavor' to 
produce the grand mal reaction In the last type, 
again, is the same start and the patient may im- 

4 Smith, L H , Hughes, J , and Hastings, D W 
First Impressions of Electroshock Treatment, Pennsyl- 
vania M J 44 452, 1941 
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mediately go into a generalized epileptiform 
seizure or there may be a short latent period be- 
fore the seizure The seizure lasts between fif- 
teen and sixty seconds Following this, there is 
usually a period of apnea, and then the patient 
begins breathing loudly and moistly There may 
be a period of excitement and then confusion for 
fifteen to thirty minutes 

Prior to giving a patient electi ic shock therapy 
it has been our rule to have the family sign a 
permit, explaining the complications and the dan- 
gers associated with the treatment After this 
is done, in addition to the routine physical and 
neurologic examinations and studies of the blood 
and urine, we make an electrocardiographic trac- 
ing and a roentgenogram of the thoracic portion 
of the spine, anterior and posterior Electric 
shock therapy should not be used in the presence 
of coronar}^ disease or advanced heart disease 
The roentgenogram of the spine is to rule out 
pathologic conditions of the bones Compiession 
fractures which may occur almost always involve 
the thoracic area We avoid sedation as much 
as possible for twelve hours before treatment 
The patient should have no food for two hours 
before treatment, and artificial dentures and 
bridgework should be removed 

The contraindications for convulsive theiapy, 
m addition to advanced heart disease and patho- 
logic conditions of the bones, are organic disease 
of the biain, advanced arteriosclerosis, active 
tuberculosis and thrombophlebitis Naturally, 
there are times when therapy may be indicated 
even in the presence of one or more of these 
conditions Jones and Pleasants® have used elec- 
tric shock for highly agitated patients with de- 
mentia paralytica prior to giving them hyperpy- 
rexia Evans ° reported the case of a woman 
with generalized osteoporosis to whom he gave 
metiazol convulsive therapy Evans also re- 
ported giving electric shock therapy to a 74 
yeai old woman with a complete left bundle 
branch block without untoward complications 

The number of treatments given varies with 
-the individual case We have given as few as 
one treatment and as many as twenty-four Kay, 
Smith and Reim® repoited that they gave 1 pa- 

S Jones, G L, and Pleasants, E N Curare Modi- 
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tient sixty-one treatments, and we believe this 
to be a record high The aveiage couise of 
treatment for a depression is eight, a manic- 
depiessive psychosis requires about twelve, schi- 
zophienia at least ten and a psychoneuiosis be- 
tween two and six The treatments are usually 
given two or thiee times each week We have 
found that this is not fiequent enough foi the 
extremely agitated patients with depression or 
for the highly active manic patients Theiefore, 
certain patients are given daily treatments for 
foui 01 five consecutive days and then every 
other day as indicated by their lesponse oi by 
the nature of then* condition 

The most common serious complication in elec- 
tric shock therapy is compression fractuie of the 
thoracic poition of the spine As has been men- 
tioned, roentgenograms of the thoracic poition 
of the spine are taken before therapy to lule out 
the presence of pathologic changes in the bones 
ivhich might piedispose the patient to this com- 
plication We have used curaie routinely for our 
patients i eceiving electric shock, and we feel that 
chances foi fractuie are gieatly reduced It is 
rather impracticable to make a roentgenogram 
after each treatment However, if the patient 
complains of any pain referable to the thoracic 
portion of the spine after a treatment, a roent- 
genogram IS made before another treatment is 
given It IS of interest to note that Smith, Hughes, 
and Hastings,^ who repoited a series of 80 cases, 
had found four compression fractures which were 
asymptomatic and discovered on routine roentgen 
examination at the completion of the couise of 
treatment Another complication is dislocation, 
paiticularly of the shoulders and of the lower 
jaw Defect of memory after treatment is fairly 
common, but it is a change into which the patient 
has insight It is not a serious complication, and 
in our experience it always disappears Muscular 
soreness may occur after the more severe con- 
vulsions Headache is not uncommon, but it is 
raiely serious and it can be controlled with av- 
eiage doses of the ordmaiy analgesics Nausea 
occasionally occurs, but vomiting is rare 

Restraint and postural measures are of value 
in preventing “jack-knifing,” which supposedly 
causes compression fractures It seems piobable 
that “jack-knifing” is not the whole answer to 
compression fracture The development of the 
skeletal musculature must play a large part in 
producing these compression fractal es Hence, 
postural precautions alone cannot be depended 
on to prevei^t this complication Curare, which 
was first used by Bennett ° in metrazol therapy, 

9 Bennett, A E Curare A Preventive of Trau- 
matic Complications in Convulsive Shock Therapy, Am 
J Psychiat 97 1040 (March) 1941 
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comes near to eliminating compression fractures 
completely Curare acts on the myoneural junc- 
tion, piobably by neutralizing acetylcholine, and 
thus prevents the response of striated muscle to 
the nerve impulse For some reason, the inter- 
costal muscles and the diaphragm are more re- 
sistive to the drug than the ordinary skeletal 
muscles Therefore, one can calculate a dose that 
will soften the convulsion but will not inteifere 
with respiration 

Most therapeutists have used curaie only for 
those of their patients who seemed most suscep- 
tible to f ractui e W e have used it routinely and 
in smaller doses than those used by Bennett for 
metrazol therapy Also, rather than use weight 
alone as an index for the dosage of curaie, we 
have taken into consideration the general muscu- 
lar development of the patient We have found 
that 2 cc of curaie given intravenously is the 
“working dose ” This is the dose that will give 
satisiactoiy curaiization of an adult weighing 140 
pounds (63 5 Kg ) and of average musculature 
We have given between 1 5 and 3 5 cc One 
minute is taken to inject the drug, and the treat- 
ment IS given two minutes after the injection is 
completed 

The first 100 cases in which we have used the 
electric shock treatment cover a period of eleven 
months , hence the duration of the follow-up 
study varies between one and ten months For 
the purpose of simplifying our statistics we have 
indexed the diseases of our patients as (1) de- 
pressions, (2) schizophrenia, (3) manic-depres- 
sive psychoses and (4) psychoneuroses Obvi- 
ously, there may be some overlapping Included 
in the depressions are involutional melancholia, 
leactive depressions and depressions with mixed 
components, including menopausal symptoms 
We have been interested especially in the im- 
mediate 1 esults obtained with electric shock 
Even the most pessimistic observer must agree 
that it alters the psyche within a short time and 
makes possible a psychotherapeutic approach that 
may not have been possible before the treatment 
The results in treatment of the reactive depres- 
sions, involutional melancholias and endogenous 
depressions, as classified by Fetterman,^® are of- 
ten dramatic Two cases in point are briefly 
described 

Case 1 — C B , a married man of SO, was admitted 
to the hospital on Dec 31, 1942, with a history of 
having been e'^tremely nervous for three months In the 
three weeks preceding his admission he had become de- 
pressed and had mentioned suicide on several occasions 
He had made vague statements of having embezzled 
funds from the city, for which he had worked some 
years in a responsible position 

10 Fetterman, J L Electro-Coma Therapy of Psy- 
choses, Ann Int Med 17 775 (Nov ) 1942 


A more detailed history, obtained from members oi 
the patient’s family, disclosed that the patient had held 
a nonpolitical job with the city for over twenty years 
More recently the job had come under political influence, 
and apparently there had been some pressure to replace 
him It finally became necessary for the patient to 
undergo competitive examinations to continue in his 
position He passed these examinations with higher 
grades than his competitors, but he felt unable to accept 
his former responsibilities and resigned 

On admission to the hospital he was confused, agi- 
tated and suicidal He was deeply depressed Physical 
examination revealed nothing unusual except for evi- 
dence of vitamin C deficiency He was treated symp- 
tomatically for twenty-five days and showed little 
improvement On January 26 he was given his first 
electric shock treatment, and a grand mal reaction was 
obtained He showed considerable improvement after 
this first treatment, and he was given two additional 
treatments, on January 28 and 29 After these he ap- 
peared completely changed He took interest in his 
surroundings and began associating with fellow patients 
His family stated that he was “his old self” He ivas 
discharged from the hospital on February 3 He has 
been followed in the outpatient clinic and has continued 
well It was arranged that he return to work in a new 
position on June 1, 1943 

Case 2 — M M , a married \\ oman of 45, was ad- 
mitted to the hospital as a psychiatric patient on Dec 2, 
1942 She was transferred to our care from one of the 
state hospitals for the insane, where she had been a 
patient for twelve months Born m Scotland, she had 
come to the United States at 25 years of age and had 
married a short time later At 31 years she gave birth 
to a son Her marital life had been normal, and appar- 
ently she had always been a stable person until tw'o 
months prior to her commitment to the state hospital 
At that time she began quarreling over trivial matters 
with some of her relatives by marriage After an argu- 
ment with her sister-in-law she told her husband that 
she herself had been wrong and that God would punish 
her She began to have many persecutory ideas and 
became highly agitated She ate little and lost con- 
siderable weight An attending physician advised hospi- 
talization Because of limited funds she was committed 
to the state hospital During her twelve months in the 
state hospital she showed a change in her menstrual 
cycle and was treated symptomatically She did not 
respond to such treatment She continued to have per- 
secutory ideas Because the financial status of the hus- 
band had improved with the advent of defense work, 
he asked that his wife be transferred to our hospital 
for further treatment so that she could be nearer home 

Twelve days after her admission, on Dec 14, 1942, 
the patient was given her first electric shock After 
her third treatment she became rational, asked about her 
illness and seemed normal She wrote her sister in 
Scotland the first letter she had written in over a year 
Twm days later she had a relapse and the shock treat- 
ment was continued In all she was given eleven treat- 
ments, eight of which produced grand mal reactions 
and three of which produced equivalent reactions Her 
improvement was dramatic, and, although further hos- 
pitalization was advised, the husband asked that his wife 
be given a trial at home We consented to his request 
On February 3 she was discharged from the hospital 
to the outpatient service She had gained 13 pounds 
(5 9 Kg ) She has continued to do well at home and 
has accepted the responsibility of her home 
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Of the 100 patients treated, 32 have had schi- 
zophrenia, 31, depressions, 25, psychoneuroses, 
and 12, manic-depressive psychoses 

In recording our results we have placed the 
patients in thiee categories which we shall re- 
fei to as improved, less improved and least im- 
proved In the improved group we have placed 
the patients who have improved to the extent 
that they are able to return to their former re- 
sponsibilities In the less improved group we 
have placed the patients who have improved but 
not to the extent that they are able to accept 
all of their former responsibilities In the least 
impioved category we have placed the patients 
who do not fit into either of the first two groups 
Many of those placed in the least improved cate- 
gory had actually improved as compared with 
their condition on admission, but, nevertheless, 
they were unable to accept any responsibilities 
and had to be under further care either in an 
institution or at home 

The table graphically records our results 


Results of Treatment 


Illness 

Treated 

Number 

of 

Patients 

Im 

proved 

Less Im 
proved 

Total 

Least 

Im 

proved 

Schizophrenia 

32 

9 (28 1%) 

15 

24 (75%) 

8 

Depression 

31 

24 (77 4%) 

3 

27 (87%) 

4 

Psyclioneurosis 

25 

G (24%) 

IG 

22 (88%) 

3 

Manic depressive 
psychoses 

12 

5 (41 7%) 

2 

7 (58 4%) 

6 


It is of interest to note that m the improved 
group there are onl^ 9 of the 32 persons with 
schizophrenia treated, or 28 1 per cent However, 
if the improved and the less improved group are 
combined, there are 24 of 32 treated, or 75 per 
cent Of the patients with depression, there are 
24 of 31 in the improved group, or 77 4 per cent 
The percentage increases to 87 when the im- 
proved and the less improved group are com- 
bined Of the 25 patients with psychoneuroses 
tieated, only 6, or 24 per cent, can be placed in 
the improved group, while this figure rockets to 
~ 88 per cent for the combined group Of the 12 
patients with manic-depressive psychoses treated, 
5, or 41 7 per cent, are in the improved group 
and 58 2 per cent in the combined category 

There is some question as to the usefulness of 
electric shock in treatment of the manic-depres- 
sTVe psychoses, and with onl} 12 patients in our 
series our data are insufficient for any conclusion 
Reed expressed the opinion that the therapy is 
of value in that it reduces the period of illness 
to a few weeks and encourages the patient to re- 

1 1 Reed, G E The Electric Shock Therapy of Psy- 
choses, Canad M A J 47 311 (Oct) 1942 


turn immediately for treatment when the next 
attack occurs Myerson made the point that it 
does not seem advisable to give electric shock m 
cases m which the manic-depressive cycle repeats 
itself every few months or more often Our im- 
pression IS that electric shock is a valuable aid 
in the management of the highly manic or notice- 
ably agitated depressed phase of this psychosis, 
but the treatment does not have the specificity 
that It has for the reactive depressions 

It is generally conceded that electric shock 
therapy is of doubtful value in the treatment of 
schizophrenia This deduction receives support 
from our results when it is noted that only 28 1 
per cent of the treated patients with schizophrenia 
can be placed in the improved group However, 
the 75 per cent in the combined group suggests 
that the schizophrenic patient may be aided some- 
wffiat, often to the extent that he can be managed 
more easily by his family and can even accept 
some light responsibility 

Electric shock treatment of psychoneurotic pa- 
tients has been discouraging m our experience 
Our percentage in the improved category is low 
It seems that psychotherapy is of greatest value 
in the treatment of the psychoneuroses and the 
only value of electric shock is to facilitate a better 
approach in a psychotheiapeutic way 

Electric shock is an almost specific therapy for 
the depressions, as is reflected in the high per- 
centage of (77 4 per cent) patients in the im- 
proved category and m the combined gropp (87 
per cent) 

In the comparatively short follow-up period 
relapses in our patients have not been frequent 
Some with depressions who had a relapse re- 
sponded well to a second and shorter course of 
treatment Some of these relapses have been 
mild enough for the patients to continue with 
the treatment in the outpatient department 

Our complications in electric shock with the 
loutine use of curare have been almost negligible 
We have had 2 compression fractures of the 
thoracic portion of the spine One of the frac- 
tures occurred m a large and muscular man who 
apparently was not sufficiently curarized by the 
prescribed dose The other fracture was also m 
a male who had three treatments accompanied by 
the use of curare As he was being prepared 
for his fourth treatment, he objected to the in- 
travenous injection of curare, and, rather than 
force him to take the injection, we administered 
the treatment without the curare Shortly after 
awakening from the treatment the patient began 

12 Myerson, A Further Experience with Electric- 
Shock Therapy in Mental Disease, New England T 
Med 227 403 (Sept 10) 1942 
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to complain of tenderness and soreness in the 
upper thoracic portion of his spine A roent- 
genogram was taken, which showed a compres- 
sion fracture of the fifth thoracic vertebra Neither 
of these 2 patients had any untoward complica- 
tions, and neither was placed in a body cast 
There were no dislocations or other fractures 
in our series, nor were there any other serious 
complications For 1 patient we discontinued 
treatment because in both treatments given there 
occurred a cardiac arrest 

SUMMARY AND CONCLUSIONS 

General hospitals with neuropsychiatric facili- 
ties can utilize electric shock therapy to advan- 
tage In a general hospital of six hundred beds 
100 patients were successfully treated over a 
period of eleven months 

Electric shock therapy has largely replaced 
metrazol convulsive therapy It appears to be 
almost a specific therapy in the treatment of the 


depressions whether they are endogenous, in- 
volutional or reactive or depressions with mixed 
components The therapy is not of gieat value 
for schizophrenia, although it does seem to make 
many of the patients more manageable Its use 
for the manic-depressive psychoses is primarily 
to facilitate management The use of this ther- 
apy for frequent recurrences of this psychosis is 
questionable For the psychoneuroses the results 
are rather discouraging, probably because the 
underlying determinant must be removed to re- 
lieve the psychoneurotic state properly, electric 
shock IS judged to be of sortie benefit in facili- 
tating the psychotherapeutic approach 

Curare was used routinely in the treatment of 
our 100 patients The only serious complication 
was compression fracture of the thoracic portion 
of the spine This occuried in only 2 cases, and 
in 1 of these the fiacture occurred when the 
curaie was unwittingly omitted after it had been 
used in earlier administrations 
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An attempt has been made to constiuct a diet 
01 man as neaily as possible free of natural foods 
,nd composed of nutritional factors in chemically 
luie form The need for such a diet may occui 
n three conditions First, since a mixture of 
imino acids is not antigenic, one may support 
101 mal nutrition for persons with severe food 
illeigy and at the same time determine whether 
:ood plays an important role in the manifesta- 
;ions of allergy exhibited by the patient When 
;he patient is allergic to food, the feeding of such 
a. diet should result in definite improvement 
Secondly, mixtuies of ammo acids and dextiose, 
since they are both crystalline, are lapidly 
absorbed in the uppei portion of the intestinal 
tract Pure fats may be emulsified so that they 
can be absoibed as rapidly as natural ones 
Thus, when there is ulceiation of the lower part 
of the intestinal tract one might expect such a 
diet to be more rapidly and easily absorbed than 
natural foods composed of piotems and starches 
Thirdly, as when punfied diets are fed to animals 
it may be possible to determine accurately the 
lequirement for a single vitamin, both under 
noimal circumstances and in pathologic con- 
ditions in which it IS suspected that requirements 
are increased The purpose of this paper is to 
record our experience in the use of a synthetic 
diet under two of these conditions first, when 
given to patients with various types of allergy in 
whose cases theie was some question whether 
food was an important factor and, secondly, to 
patients who were suffering from typhoid 

NUTRIENTS AVAILABLE FOR MAKING A 
SYNTHETIC DIET 

In 1935 Rose discovered the last of the ammo 
acids, thi eonme This ammo acid added to those 
alieady known made it possible to place rats on 
a nonprotein diet on which they could grow 
normally and reproduce In 1940 Mueller, 
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Kemmeiei, Cox and Baines^ produced an 
enzymatic digest of casein which would support 
the gi owth of experimental animals This digest 
contains 12 5 per cent of nitrogen, of which 7 4 
per cent is ammo acids, the lemainder presum- 
ably being composed of polypeptides Guinea 
pigs could not be sensitized to the ammo acid 
mixtui es Other workers ® have shown that 
infants can be kept m nitrogen balance during 
both oral and parenteial administration of ammo 
acid mixtures McGee and Emery ^ studied the 
late of absorption of the ammo acid mixture from 
the small intestine of man by means of the 
Miller-Abbott tube They showed that the ammo 
acid mixtuie is absorbed twice as fast as casein 
or gelatin Elman and his associates ® have used 
the ammo acid mixtuies intravenously and have 
been able to support the metabolism of various 
patients who could not take food by mouth. 
They weie able to keep patients in nitrogen 
equilibrium, and they have been able to give as 
much as 300 Gm intravenously in twenty-four 
hours without serious reactions 

Dextrose is obviously the best source foi 
carbohydiate in such a food mixture Its rate 
of absorption was studied by Con ® m animals 
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and later by Groen ® ui man by means of the 
Miller-Abbott tube The latter observei con- 
firmed Con’s results for animals, showing that 
dextrose is lapidly absorbed from the first part 
of the small intestine It is absorbed at such a 
rapid rate that the question of flooding the blood 
with it has to be considered To avoid too rapid 
absorption the feeding tube is admirably suited, 
since smaller feedings can be given hourly or at 
two hour intervals continually throughout the 
twenty-four hours 

The fat in a mixtuie of purified food mateiials 
presents a more difficult problem than that of the 
nitrogen or the carbohydrate Glycerides of pure 
fatty acids have not been available to us, but the 
oils of corn, olive and hydrogenated cottonseed 
are available and not expensive Tottingham" 
has given the analysis of these oils and stated 
that in corn oil and cottonseed oil there ai e about 
40 per cent of linoleic acid and small amounts of 
arachidonic acid Since it has been showm that 
Imoleic and arachidonic acids are acids which 
animals cannot synthesize, one has m these oils 
an abundant source of the essential fatt} acids 
There is no way of accelerating the absorption 
of fatty acids from the intestinal tract, because 
bile and lipase are necessary for that operation, 
but emulsification is the initial step in the pi ocess 
of absorption, and it can be easily accomplished 
■when one is making up the feeding mixture 

In using a mixture of ammo acids, dextrose 
and corn or cottonseed oil as a source for the 
purified nutrients, one must add the inorganic 
nutrients m the form of a salt mixture The 
amino acids cystine and methionine contain 
sulfur, and in the amounts of the ammo acid 
mixture that we use there would be about 
600 mg available in twenty-four hours Requiie- 
ments for the human adult are probably m the 
legion of from 600 to 1,000 mg® The othei 
inorganic elements that are essential to human 
nutrition are calcium, phosphorus, magnesium, 
sodium, potassium, chlorine, iron, copper, zinc, 
manganese, iodine, fluorine and cobalt In the 
ordinary diet all these inorganic elements occur 
in sufficient amounts in natural foods, except, of 
course, sodium and chlorine Most of the re- 

6 Con, C F The Rate of Adsorption of Hevoses 
and Pentoses from the Intestinal Tract, J Biol Chem 
66 691, 1925 Groen, J The Adsorption of Hexoses 
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quirements of these elements are fairly well 
known, so that a salt mixtui e for human require- 
ments can be put together without much diffi- 
culty We have tried Cowgill’s ® salt mixture 
which he has fed to dogs but have found that it 
exerts a cathartic action when given to man 
Table 1 gives the mixture of salts we have used. 


Table 1 — Salt Mixture (Tzventy-Fout Hour 
Requirement) 



Gm 


Gin 

Colciuin phosphate 

175 

Potassium chloride 

1 oO 

Oalcium carbonate 

080 

Sodium acid phosphate 

2 50 

Potassium acid phosphate 

250 

Sodium chloride 

5o0 

Potassium acid carbonate 

400 

Manganese carbonate 

100 

a race Elements 

SIg 

Mg 

Perrons sulfate 

100 

Copper sulfate 

25 

Potassium iodide 
Manganous sulfate 

OOG5 

0 30 

Zinc sulfate 

25 


and table 2 shows the daily supply of elements 
that this mixtuie supplies The mixture has 
been used for a number of persons, both normal 
and sick, and found to be noncathartic 

The following vitamins are available in purified 
foim carotene (provitamin A), activated 
eigosterol, menadione (2-meth}l-l, 4-naphtho- 
quinone), thiamine, riboflavin, nicotinamide, 
pyndoxine, calcium pantothenate, ascorbic acid 
and choline chloride Some of these ten vitamins 
aie known to be lequired b\ the human being, 
while others may be needed under stress of a 
severe infection It has been shown that biotin 
IS needed only when excessive amounts of egg 


Table 2 — Elements Supplied by 19 655 Gin of Salt 
Mil tine (Tzventy-F our Hour Requirement) 



Gm 

Mg 

C ilcium 

1 00 Iron 

20 

Phosphorus 

1 48 Iodine 

005 

Potassium 

3 06 Manganese 

010 

Sodium 

2 53 Copper 

10 

Chlorine 

4 00 Zinc 

1 0 

Magnesium 

0 29 


white have 

been fed to human beings,^® 

just 


as it IS required by experimental animals 

Inositol IS an alcohol widely present in muscle 

and many tissues and has been shown to be a 

vitamin essential for the mouse Whether the 
r 

9 Cowgill, G R An Improved Procedure, for 
Metabolism Experiments, J Biol Chem 56 725, 1923 

10 Sydenstncker, V P , Singal, S A , Briggs, A 
P , De Vaughn, N M , and Isbell, H “Egg White 
Injury” in Man and Its Cure with a Biotin Concen- 
trate, J A M A 118 1199 (April 4) 1942 

11 Woolley, D W A New Dietary Essential for 
the Mouse, J Biol Chem 136 113, 1940 
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human being can synthesize it is not known 
Vitamin E has not been shown to be essential 
for the human being Probably the most essen- 
tial of the vitamins have been discovered, but 
undoubtedly there are others which man may 
need to a lesser degree than those that are now 
\nown One can safely give a synthetic diet to 
which these ten vitamins have been added for a 
period of two weeks, especially at a time when 
the metabolism of the patient is normal How- 
2ver, if there is infection or elevation of metab- 
nlisni it IS probably necessary to add a liver 
concentrate, so that other vitamins now unknown 
will be present in the food mixture The liver 


Table 3 — Calouc Value oj Synthetic Diet 


Calories 

24 Hr 
Volume, 
Cc 

Amino 

Acids,* 

Gm 

Fat, 

Gm 

Dextrose, 

Gm 

Salt 

Mixture, 

Gm 

1,500 

1,080 

42 

84 

150 

16 

2,000 

1,440 

56 

112 

200 

16 

2,500 

1,800 

70 

140 

260 

20 

3,000 

2,160 

84 

168 

300 

24 

3,500 

2,620 

98 

196 

• 350 

28 

4,000 

2,880 

112 

222 

400 

32 


* Amigen, {umisbed by Moa<l John'on &. Co . Evansvil'e, Incl 


extract that we have employed has been widely 
used in this manner for animals Choline is 
added to the diet because it has been shown in 
experimental animals that larger amounts of 
choline than can be synthesized are needed by 
the fast-growing animal , and, since the metab- 
olism in fever is greatly elevated, it is well that 
there should be a ready supply of the methyl 
groups from choline 

PREPARATION OF THE DIET 

A master diet of 2,500 calories containing 70 Gm _of 
amino*acids, 140 Gm of oil, 250 Gm of dextrose and 
20 Gm of the salt mixture is made up to a volume of 
1,800 cc By feeding less or more of this standard 
mixture the calories can be varied from 1,500 to 4,000, 
as table 3 shows This standard technic makes the 
work of the dietitian simple , however, a mixture of 
amino acids, fat and dextrose may be made up in almost 
any volume desired 

The dextrose, amino acids and salt mixture aie 
dissolved m 1,000 cc of tap water by the use of a 
mechanical mixture Eight grams of ppwdered pure 

12 Mattill, H A Vitamin E, J A !M A 110 
1831 (May 28) 1938 Fleischmann, W Creatine-Crea- 
tmine Excretion in Neuromuscular Diseases Treated 
with Alpha-Tocopherol and with Testosterone, Proc 
Soc Exper Biol & Med 46 94, 1941 

13 iMcHenry, E W Choline, the B Vitamins and 
Fat Metabolism, Biol Symposia 5 177, 1941 Griffith, 
W H The Relation of Choline to the Kldne^s ibid 
5 193, 1941 Click D The Nature and Significance 
of Cholinesterase, ibid 5 213, 1941 du Vigneaud, V 
Interrelationships Between Choline and Other Methj- 
lated Compounds, ibid 5 234, 1941 


gelatin is dissolved m 75 cc of warm tap water and 
allowed to stand twenty minutes so that the gelatin 
will be completely dissolved, then the gelatin solution is 
beaten in a mechanical mixer or with a Dover beater 
and the oil is added, in the beginning m small quantities 
When all the oil is emulsified, it is diluted with the 
solution of dextrose, ammo acids and salts and the total 
volume made up to the desired quantity with water 
We have found that corn oil and cottonseed oil are emul- 
sified easily and remain in emulsion well, this is not 
so true of olive oil Undoubtedly the salts aid materially 
in the emulsification and the stability of the emulsion 
Since gelatin is a substance to which few persons are 
allergic, it is our material of choice as an emulsifier 
Agar IS better in many respects, but we have found it too 
cathartic The other hemicelluloses that have been 
tried have not been satisfactory 

The vitamins are given by the nurse in charge of 
the patient Table 4 shows the doses of vitamin and 
vitamin materials used under the two conditions we are 
discussing Thiamine, rihofifavin, nicotinamide, pyri- 
doxine and calcium pantothenate were given in the form 
of a tablet This tablet contained 5 mg of thiamine and 
riboflavin, 25 mg of nicotinamide and calcium panto- 
thenate and 10 mg of pyridoxine For convenience 
It is referred to as T R N 6 P It will be noted that 
the daily dose of the five crystalline members of the B 


Tabie 4 — Dosage of Vitamins 


For Normal or Allergic Persons 

Vitamin A (carotene) 

10,000 U SP units 

Vitamin D (activated ergosterol) 

500 U S P units 

*Tbiamine 

5 mg 

Riboflavin 

5 mg 

Nicotinamide 

25 mg 

Pyndoxine 

10 mg 

Calcium pantothenate 

25 mg 

For Patients vith Typhoid 


Vitamin A (halibut liver oil) 

60,000 U S P units 

Vitamin A (halibut liver oil) 

5 000USP units 

♦Thiamine hydrochloride 

10 mg 

Riboflavin 

10 mg 

Nicotinamide 

60 mg 

Pyndoxine 

20 mg 

Calcium pantothenate 

50 mg 

Ascorbic acid 

200 mg 

Choline chloride 

1 Gm 

2 methyl 1,4 naphthoquinone (menadione) 

2 mg 

tLiver powder 

20 Gm 


* Thiamine hydrochloride, riboflavin, nicotinamide, pyndoxine 
and calcium pantothenate furnished by Merck & Co , Inc , 
Rahnay, N J 

t I/iver powder furnished by Wilson & Co , Inc , Chicago 
Dr David Klein informed us that this powder contains per 
gram 10 U S P units of vitamin Bi, 325 micrograms of nbo 
flavin, 500 micrograms of pantothenic acid, 40 micrograms 
pyndoxine and 1 5 milligrams of nicotinic acid In addition, 
it contains choline and a large number of other factors not as 
jet precisely defined 

complex IS large We believe these amounts desirable 
because in many instances food allergy results in vol- 
untary restriction of the vitamm-rich foods Table 5 
gives the schedule of vitamin supplements as admin- 
istered both to patients with tjphoid and to allergic 
persons 

The taste of this mixture is not pleasant Though 
some persons w'ere found wdio did not mind taking it 
by mouth, most persons find it offensive For this 
reason a no 12 Levin tube was inserted into the 
stomach and left in place during the course of the 
feedings Feedings were given at intervals of two to 
four hours 
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USE OF SYNTHETIC FEEDING IN ALLERGY 

As a cause foi the manifestations of allergy, 
food is often an important factor, especially when 
these manifestations involve the skin or the in- 
testinal tract The diets suggested by Rowe 
for the elimination of most of the troublesome 


Table 5 — Schedule of Vitamin Supplements for 
Patients with Typhoid 


Tune of 



Feeding 


Vitamins to Be Added 

Tam 

1 

6 drops halibut liver oil 


2 

1 mg 2 methyl 1,4 naphthoquinone (menadione) 


3 

1 teaspoon choline chloride solution (1 Gm ) 


i 

1 tablet T El N 6 p crushed 

9 a m 

1 

6 drops halibut liver oil 


2 

1 ascorbic acid tablet crushed 

11 a m 

1 

5 drops halibut liver oil 


2 

1 ascorbic acid tablet crushed 

1 p m 

1 

5 drops halibut liver oil 


2 

1 teaspoon choline chloride solution (1 Gni ) 


8 

20 Gm of liver powder 

3 p m 

1 

6 drops halibut liver oil 


2 

1 ascorbic acid tablet crushed 

6 p m 

1 

6 drops halibut liver oil 


2 

1 ascorbic acid tablet crushed 

7 p m 

1 

6 drops halibut liver oil 


2 

1 mg 2-methyl 1,4-naphthoquInone 


3 

1 teaspoon of choline chloride solution (1 Gm ) 


4 

1 tablet T E N 6 P crushed 

9 p m 1 



Up m 



lam 

\ To each of these feedings 6 drops of halibut liver 

3 a m 1 


oil IS added 

6 a m J 

1 



foods are without doubt useful, but if any 
criticism can be made it is that they are not 
usually adequate in calories, calcium or vitamins 
A and C, and care is necessary to prevent mal- 
nutrition Also, the physician never knows 
whether the patient may not be one of the rare 
persons who are sensitive to one or more of the 
foods which make up the Rowe diets When the 
physician wishes a diet to fulfil two requisites, 
namely, one that is adequate in calories, min- 
erals and the important vitamins and at the same 
time furnishes nitrogen free from protein (except 
for a small amount of gelatin), a synthetic diet 
such as suggested will be found most useful 
The following brief case histones illustrate the 
types of patients to whom the diet has been given, 
and table 6 summarizes the data 

Case 1 — A 15 year old girl entered the hospital 
because of a dermatitis of fourteen years’ duration The 
dermatitis covered the wrists, backs of the hands, 
popliteal spaces and ankles The skin was rough, with 
reddened areas and many scratch marks, and was 
covered with hemorrhagic crusts About two years 
previously the patient had had two attacks of asthma 
There was also a history of vomiting after eating spinach 
or eggs The dermatitis was improved in the summer 
or when she was exposed to ultraviolet radiation 

14 Hampton, S F Henoch’s Purpura Based on 
Food Allergy, J Allergy 12 579, 1941 

15 Rowe, A H Elimination Diets and the Patient’s 
Allergies, Philadelphia, Lea & Febiger, 1941 


Tube feedings were continued for twenty-three days, 
and no improvement was noticeable Later treatment 
with human dander extract and hemolytic Staphylo- 
coccus aureus vaccine produced definite improvement 

Case 2 — A woman of 38 entered the/hospital because 
of eczema of the face, neck, ears and axillas and to a 
less extent the whole body Her skin was thickened, 
dry and reddened and in places covered with bloody 
crusts Tube feedings were carried out for five days, 
immediate improvement was striking 

Case 3 — A woman of 51 entered the hospital because 
of purpura A fine purpuric rash was distributed over 
the whole body She was able to take the feedings by 
mouth, and they were continued for eleven days The 
purpura faded rapidly and had entirely disappeared by 
the end of a few days There was a reappearance of 
the purpura following the use of carmine capsules, but 
again the purpura disappeared rapidly The final deci- 
sion was that the purpura was probably of food origin, 
the relapse being due to the dye 

Case 4 — A woman aged 20 entered the hospital with 
bronchial asthma The asthma was thought to be intrin- 
sic It had been present since the age of 8 years There 
was a definite bacterial infection of the sinuses The 
diet was given for five days, and there was some improve- 
ment during tliat time She was able to do without 
epinephrine, although its use had been constant 

This case illustrates the fact that even in 
bronchial asthfna, food may be of minor but of 
some importance from a therapeutic viewpoint 


Table 6 — Data for Allergic Patients Given 
Synthetic Diet 


No of Method of 

Days Admm Progress 

Diagnosis, Diet Jstra While on 

Sex and Age (Yr ) Taken tion Diet 

Poods 
as an 
Etiologic 
Factor 

Neurodermatitis 

2 15 

23 

Tube 

No improve- 
ment 

None 

Eczema 

2 38 

6 

Tube 

Improvement 

rapid 

Important 

Purpura 

2 61 

11 

Mouth 

Improvement 

rapid 

Important 

Bronchial asthma 

2 20 

5 

Mouth 

Improvement 

Minor but 
definite 

Colitis (allergic) 

2 48 

2 

Tube 

Complete 

relief 

Complete 

Neurodermatitis 

2 "30 

12 

Tube 

Improvement 

Important 

*Henoch’s purpura 

2 15 

14 

Tube 

Great im 
provement 

Important 

Colitis, purpura 

2 35 

3 

Tube 

Complete 

relief 

Complete 

Purpura (abdominal 
pain) 

2 20 

14 

Tube 

Partial relief 

Minor or 
none 

r 


Case 5 — A woman of 48 came into the hospital 
because of spells of diarrhea which had been present for 
SIX to seven years, and at the time of admission the 
diarrhea had been constant The barium sulfate enema 
showed the colon to be extremely irritable, with deep 
irregular haustra Tube feedings were carried out for 
only two days, but as soon as the mixture was given 
the diarrhea stopped immediately Observations follow- 
ing the tube feedings showed that the patient was 
allergic to corn, celery, peas, cabbage, milk, beans, 
bran and coconut 
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Case 6 — A Negio woman of 36 entered the hospital 
because of neurodermatitis The lesion involved the 
elbows and the popliteal spaces A great deal of 
lichenification was present The eosinophil count was 
16 per cent Tube feedings were continued for twelve 
days The improvement was slow but steady, and it was 
thought that the case illustrated the type of neuro- 
dermatitis responding to the elimination of foods to 
which the patient was sensitive ^ 

Case 7 — A child 15 years old entered the hospital 
because of Henoch’s purpura Tube feedings were given 
for fourteen days The abdominal pain ceased abruptly , 
the purpura of the skin cleared, and the symptoms of 
colitis improved rapidly^ It was found that the patient 
was sensitive to milk She was discharged from the 
hospital, but after a period of complete freedom from 
symptoms she again ingested large amounts of milk 
This was followed by a retup of her symptoms, and 
when she entered the hospital for the second time she 
was extremely ill, showing severe ascites, a great re- 
duction in the plasma albumin, an enlarged spleen and 
an intense bloody diarrhea Again the patient was 
given tube feedings, and large amounts of vitamins were 
administered — IS mg daily of thiamine and riboflavin, 
75 mg of nicotinamide, 30 mg ^of pyridoxine and 75 
mg of pantothenic acid In addition, the liver concen- 
trate was given. Protoscopic examination showed at the 
beginning pronounced edema with petechial hemorrhages 
of the mucosa but no ulceration At the end of her 
treatment the mucous membrane was entirely normal, 
the proctoscope was introduced 20 cm and it was noted 
that the colon was extremely irritable to touch, the 
slightest injury causing some bleeding The roentgen 
diagnosis was typical ulcerative colitis 

The case illustrates the secondary effects of 
long-continued allergic colitis The roentgen 
picture, typical of ulcerative colitis, was appar- 
ently due to the edema of the walls of the colon 

Case 8 — A white woman of 35 entered the hospital 
because she was anxious and upset as to what she 
should eat She had lost 20 pounds (9 1 Kg ) in 
weight and showed purpuric hemorrhages, over the 
skin She complained bitterly of abdominal pain The 
tube feedings were given for three days Pam ceased 
immediately, both subjectively and* to abdominal palpa- 
tion The purpura disappeared 

Case 9 — A girl 14 years of age entered the hospital 
with a history of abdominal pain, hemorrhagic diarrhea 
and purpura of the skin These symptoms were alarm- 
ingly intensified during her menstrual period At that 
time the abdomen was greatly distended, the pain had 
to be controlled with opiates, there was angioneurotic 
edema of the face and the diarrhea was greatly inten- 
sified It was found that the purpura was associated 
with an ascorbic acid level of zero in the blood Also, 
the purpura in subsequent menstrual periods failed to 
occur when the ascorbic acid level of the blood was 
raised With tube feedings the abdominal pain improved 
but did not entirely disappear Furthermore, the follow- 
ing menstrual period was extremely severe, and the 
symptoms of pain, abdominal distention, diarrhea and 
angioneurotic edema reappeared The unsatisfactory 
improvement with tube feeding led to the conclusion 
that the patient had an intrinsic allergy and that she was 
undoubtedly sensitive to bacteria, her symptoms being 
intensified with infection The intensification of the 
sjmptoms during menstruation was explained by the 
possibility of endometriosis in an unusually allergic 
pel son 


The case illustiates the value of tube feedings 
in ruling out sensitization to food in a difficult 
situation 

The change in the patient’s manifestations of 
allergy when the diet has been administered a 
few days is of use in estimating the importance 
of food as an etiologic factor In some cases the 
improvement is rapid and dramatic, while in 
other cases, especially of some types of eczema, 
progress is slow However, after a week’s use 
of a synthetic diet one can usually decide fairly 
accurately the role food is playing in the mani- 
festations of allergy When no improvement in 
the symptoms and the physical condition of the 
patient occurs, food as a factor can be dismissed 
and the patient returned to his usual diet The 
ruling out of the food factor emphasizes the 
search for the causes in other fields If improve- 
ment indicates that food is to some degree impor- 
tant, such essential foods as wheat, milk and eggs 
may be added one at a time to the mixture or 
given by mouth 

USE OF THE DIET FOR PATIENTS WITH 
TYPHOID 

The regulation of the diet continues to be of 
prime importance to the welfare of the patient 
with typhoid Since the work of Shaffer and 
Coleman the importance of adequate nutrition 
in typhoid has been recognized, and the studies 
of Coleman indicate that the clinical course of 
patients given high caloric diets is more favor- 
able than that of patients subjected to partial 
starvation At the present time an extensive 
clinical and experimental literature has accumu- 
lated on the general subject of the effect of 
nutritional deficiency on resistance to infection,^’’ 
and most of the evidence indicates that the body 
is more susceptible to infection when the diet is 
inadequate Moreover, the evidence suggests 
that the requirements for calories, protein, 
thiamine, riboflavin, nicotinic acid and ascorbic 
acid are increased during infections 

It is generally agreed that a diet for patients 
with typhoid should be low in residue so as to 

16 Shaffer, P A Metabolism in Typhoid Fever, 
J A M A 51 974 (Sept 19) 1908 Shaffer, P A, and 
Coleman, W Protein Metabolism in Typhoid Fever, 
Arch Int Med 4 538 (Dec ) 1909, Coleman, W 
The Influence of the High Calory Diet on the Course 
of Typhoid Fever, J A M A 69 329 (Aug 4) 1917 

17 Robertson, E C The Vitamins and Resistance to 
Infection, Medicine 13 123, 1934 Perla, D , and Mar- 
morston, J Natural Resistance and Clinical Medicine, 
Boston, Little, Brown & Company, 1941, sect 7 

18 Paullin, J E , and Minnich, W R , in Barr, D P 
Modern Medical Therapy m General Practice, Bal- 
timore, Williams & Wilkins Company, 1940, pp 1212- 
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minimize work and trauma of an ulcerated intes- 
tine This synthetic diet has almost no residue 
High caloric feeding in piactice is found to be 
difficult, since patients with typhoid have no 
appetite and little if any desire for food A great 
deal of persuasion is needed, and the nurse or 
dietitian must spend much time, in fact, often 
hours, persuading the patient to ingest the re- 
quired number of calories Since the synthetic 
diet was given by indwelling stomach tube, the 
amount of nursing service required for its admin- 
istration was greatly reduced 

It will be noted that the doses of vitamins 
given to patients with typhoid were massive and 
probably in excess of their actual requirements, 
but the decision to err on the side of too much 
rather than too little was based on the following 


Eleven patients were given the diet during 
the summer of 1941, and some of the clinical 
observations made are summarized in tables 7 
and 8 In all but 2 cases, diagnosis was estab- 
lished by positive cultures of stool, blood or both 
Five patients gained weight during the time of 
tube feeding (i e , febiile period usually) Four 
patients lost weight (gieatest loss of weight, 5)4 
pounds [2 5 Kg]) Two weie too sick to be 
weighed Loss of weight occurred in patients 
who were obese to begin with Other forms of 
treatment consisted of use of sulfonamide com- 
pounds, transfusions and convalescent serum 
Seven patients had nervous manifestations, such 
as headache, tremor and stupor These gradually 
disappeared as the disease subsided An impor- 
tant observation was that there was no abdominal 


Table 7 — Dala for Patients iviih Typhoid 






Calculated 

Bays of 

Calorics 

Amount per W eight Before Weight After 


Age, 


Height 

Ba'ial 

Ihibe 

per Day 

Feeding, 

Feeding, 

Feeding, 

Patient 

Tr 

Sex 

In 

Calorics 

Feeding 

bj Tube 

Cc 

Bb 

Lb 

W K 

19 

M 

08 

1,520 

7 

3,000 

180 

107 

106 

J N 

11 

M 

55 

1,300 

20 

2,600 

150 

61 

62% 

E G 

10 

M 

55 

1,260 

7 

2,500 

150 

571,4 

56 

A B 

23 

M 

68 

1,900 

7 

3,500 

210 

200 

198% 

E D 

30 

F 

63 

1,300 

22 

3,000 (12)» 

ISO (12) 

114% 

120% 







3,500 (9) 

210 (9) 



G 0 

40 

F 

63 

1,290 

23 

S,COO 

ISO 

114 

123 

f 





27 

3 COO 

ISO 


121 

F 0 

6 

M 

47 

1,075 

25 

2,0S0 (12) 

125 (12) 

37 

41% 







2,500 (13) 

150 (13) 



N K 

35 

M 

71 

1,725 

10 

3,000 (5) 

ISO (5) 

143 

147 







3 500 (14) 

210 (14) 



J J 

33 

M 

72 

1,900 

16 

3,000 

180 

193 

189% 

P E 

16 

P 

66 

1,660 

18 

3,000 (16) 

180 

t 

147% 

f 





lo 

3,000 

180 


143 

I B 

61 

F 



28 

3,000 

180 

t 



’ Number of da\s m parentheses 
1 Fed again during a relapse 
1 Too sick to be weighed 


considerations 1 There is indication that the 
requirements of vitamins are increased in such 
a toxic febrile state, and the extent of this in- 
crease is not known 2 By the time the diag- 
nosis IS made, the patient may have gone for a 
number of days without adequate food owing to 
poor appetite and a nutiitional deficit may have 
developed 3 There may be some question of 
complete absorption, especially if there is diar- 
rhea 4 It has been suggested that some of the 
clinical manifestations of the disease may be due 
at least partially to vitamin deficiency and not 
to the toxic aspects of the infection itself 5 No 
harm can result from giving amounts greater 
than the actual requirements 

19 Bean, W B , and Spies, T D Vitamin De- 
ficiencies in Diarrheal States, JAMA 115 1078 
(Sept 28) 1940 Dann, M, and Cowgill, G R 
Influence of Diarrhea on the Vitamin Bj Requirement, 
Arch Int Med 62 137 (Jul>) 1938 


distention One patient had slight transient 
tympany, and 1 had severe distention on entry 
which subsided promptly during the first week 
There were relapses in 2 patients Although 
there was variation in the duration of the fever, 
this could not be seen to have been changed by 
the diet 

Vomiting of one or two feedings per twenty- 
four hours sometimes occurred during the course 
of the highest febrile period but was rare after 
defervescence had begun Patients usually had 
one or two, occasionally more, fluid greenish 
stools per day during the febrile period The 
daily enema was usually not necessary Abdom- 
inal cramps were rare 

A few patients complained of pain in the 
throat, substernally or in the abdomen following 
feedings These same patients could be fed at 
night during sleep without being awakened , 
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hence no impoitance was attached to these 
symptoms 

The expenence with patients with typhoid 
shows that the sjnthetic diet can be given 
successfully and apparently satisfactorily We 
weie impressed by the fact that there was no 
significant loss of ^\ eight , that often there was a 
gam This was found also by Coleman-'’ with 
high caloric diets of natural foods The absence 
or rapid disappearance of abdominal distention 
was also noteworthy This was attributed to the 
rapid absorption of dextrose and amino acids 


d4/ 

elimination of all but a minimum of residue 
Because of this the diet appears to merit furthei 
trial 

COMMENT 

We have not had an extensive experience with 
the use of this diet for ulcerative colitis, but 
experience with a patient who has been lately 
under observation has been impressive The 
diet w as given through a nasal tube for a period 
of foui weeks Duimg this time he was ex- 
tiemely ill with high fevei and had from sixteen 
to twenty stools a day In spite of the great 


Table 8 — Patients with Typhoid 


Patient 

Diagnosis and 

Basis for It 

Other Porms of 
Treatment 

Nervous 

Manifestations 

Distention 

Complications 

yf K 

Paratyphoid B, rising 
titer 

^one 

None 

None 

None 

J N 

Typhoid positive cul 
tures of blood and 
stool 

Transfusion of 

convalescent 

blood 

Headache before 
diet, tremor at 
first 

Ncxic 

Occult blood in the 
stool 

B G 

Cultures of blood and 
stool yielded Salmonella 
enteriditis, typhoid and 
paratyphoid agglutinins 

Sulfaguanidine 
before entry 

None 

None 

None 

A B 

Typhoid positive cul 
turns of blood and 
stool 

^one 

None 

None 

Pam in the right side 
of neck 

E D 

Typhoid positive cul 
tures of blood and 
stool 

Intradenual 
typhoid vaccine 
when afebrile 

None 

Slight transient 
tympany 

Three relapses, tube 
feeding during the last 

G C 

Typhoid, positive cul 
tures of blood and 
stool 

Transfusion 
sulfaguanidine 
before entry 

Tremor of out 
stretched hands' 

None 

Relapse 

P 0 

Typhoid, positive cul 
tures of stool 

Sulfadiazine 

Delirium before 
entry, gradually 
became rational 
and cooperative 

None 

Malnutrition nega 
tivism and refusal of 
food on entry 

A K 

Typhoid positive cul 
tures of blood and 
stool 

Convalescent 

scrum 

Apprehension, 

headache 

None 

Scrotal ulcer, occult 
blood In stool 

J J 

Typhoid, posltne cul 
tures of blood and 
stool 

Sulfathiazole 
and quinine 
before entry 

Headache 

None 

Trace of occult 
blood in stool 

P E 

Typhoid, positive cul 
tures of stool 

Transfusions, 

convalescent 

serum 

Stupor which 

gradually 

disappeared 


Massive intestinal 
hemorrhage before 
feedings were started 
relapse, anemia 

I B 

Typhoid positive cul 
tures of blood and 
stool 

Sulfadiazine 

Deep stupor 

Severe on entry 
subsided gradually 
in one week 

Dyspnea and rales at 
the lung bases 
glossitis 


* Headache and mild typhoid state before diet 


high in the intestinal tract, leaving no carbo- 
hydrate for fermentation in the lower portion 
of the tract 

The results for typhoid were good, but they 
cannot be said to have demonstrated conclusively 
the superiority of this diet over others now in 
use m the treatment of this disease, since this 
would require controls and an extensive study 
carried over many years However, the diet 
does carry out more than any other the two main 
principles recognized to be important in a diet 
for typhoid, namely administration of adequate 
amounts of the various nutritional factors and 

20 Coleman, W Weight Curves m Typhoid Fever, 
Am J M Sc 144 659, 1912 


loss of fluid and nutiients, his nutrition was well 
pieserved Experience of this sort leads us to 
believe that a synthetic diet of this nature will 
often prove life saving We suggest that the 
fat be kept low and that, as other observers 
have suggested with regard to protein, the ammo 
acids be fed in amounts from 150 to 200 Gm a 
day and dextrose from 300 to 400 Gm In this 
patient there was no distention Undoubtedly 

21 Mackie, T T The Medical Management of 
Chronic Ulcerative Colitis, JAMA IH 2071 (Dec 
3) 1938 Stickney, J M , Heilman, F R , Bargen, 
J A , and Bearing, W H Sulfaguanidine in Ulcerative 
Intestinal Diseases, Proc Staff Meet , Mavo Clin 17 33 
1942 
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more experience in the use of the diet foi various 
forms of ulcerative colitis will be of interest 
Since much of the fighting during the piesent 
war is occurring in tropical regions, the incidence 
of various types of infectious diarrhea with 
lesions of the lower part of the intestinal tract 
IS likely to be high There is a possibility that 
this diet may prove to be useful under such con- 
ditions, especially since its ingredients are 
desiccated and concentrated to the highest extent 

SUMMARY 

A purified diet composed of ammo acids, 
dextrose and emulsified oil to which is added a 
salt mixture and crystalline vitamins is suggested 


as of use m three possible conditions first, for 
patients with food allergy, second, for patients 
with severe infections of the intestinal tract, and, 
third, as a means of determining the require- 
ments for certain of the vitamins 

Our experience with the use of this diet for 
patients with allergy leads us to believe that it is 
a useful tool among others to determine whether 
or not a patient is sensitive to food, at the same 
time fully maintaining his nutrition The prin- 
ciples on which the use of the diet rests indicate 
Its usefulness for typhoid and other ulcerative 
lesions of the lower part of the intestinal tract 

The staffs of Barnes Hospital and of the St Louis 
City Isolation Hospital cooperated in these studies 
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DISEASES OF THE LIVER AND BILIARY TRACT 

HEPATIC INVOLVEMENT IN VARIOUS DISEASES RELATED TO THE WAR 

CARL H GREENE, MD 


NEW 

The global extent of the piesent war has 
brought the various aspects of tropical diseases 
to the attention of members of the medical pio- 
fession with renewed emphasis Medical officers 
with troops are concerned primal ily with the 
acute phases of such diseases Civilian physicians, 
on the other hand, will be more interested m 
the chronic phases, found in soldiers after dis- 
charge from the army or brought back to the 
civilian population by the troops Numerous 
articles, such as that of Faust, ^ have reviewed 
this field and called attention to the public health 
hazards concerned^ In the present review ref- 
erence will be limited to the evidence of hepatic 
involvement by these various conditions 

MALARIA 

Malaria constitutes the most widespread hazard 
and the most serious infectious disease for the 
military forces of the United States Particu- 
larly m the northern and western sections of this 
country it now is relatively uncommon and most 
of the patients seen have mild forms However, 
it IS recognized that enlargement and tenderness 
of the liver may occur in the course of the dis- 
ease Jaundice is one of the cardinal signs in 
black water fever Pathologists have long de- 
scribed extensive alteiation in the histologic 
appearances of the liver in fatal cases The past 
year Kopp and Solomon^ have described alteia- 
r tion in the reactions to various functional tests 
(bromsulphalein, cholesterol, hippuric acid and 
cephalin flocculation) m cases of therapeutic 
^ malaria These tests showed a return to normal 
function within three to six weeks 

Greene and Bruger ^ reported that the result 
of the cephalin flocculation test of Plauger was 

From the Chmc for the Studj' of Diseases of the 
Liver and Biliary Tract of the Departments of Medicine 
and Surgery, New York Post-Graduate Medical School 
and Hospital, Columbia University 

1 Faust, E C Disease in the Tropical War Zones, 
Gastroenterology 1 99S (Nov ) 1943 

2 Most, H, and Meleney, H E Falciparum 
' Malaria The Importance of Early Diagnosis and 

Adequate Treatment, JAMA 124 71 (Jan 8) 1944 

3 Kopp, I , and Solomon, H C Liver Function 
in Therapeutic Malaria, Am J M Sc 205 90 ( Tan I 


YORK 

strongly positive in 2 cases of therapeutic malai la 
without jaundice I have personally seen 1 other 
patient with dementia paralytica m whom benign 
tertian malaria was induced Before the course 
of chills was completed marked icterus devel- 
oped, with an enlaiged and tender liver, and the 
patient died with the clinical picture of an acute 
hepatitis and hepatic insufficiency 

More recently Mirsky, von Biecht and 
Williams “ have reported a series of 10 cases of 
malaria The bromsulphalein test gave a posi- 
tive result in only 20 per cent of the cases in 
which it was used The cephalin flocculation 
test, on the other hand, gave a positive result in 
all Because of this, Mirsky and his associates 
emphasized the importance of diet and measures 
to impiove the status of the liver duiing both 
the acute and the convalescent period of the 
disease 

INFECTIOUS JAUNDICE 

Jaundice has been known since antiquity in 
both sporadic and epidemic foims The review 
of Otlenberg and Spiegel ® reemphasizes the 
variety of infectious and chemical agents which 
may produce hepatic injury and so give rise to 
this symptom Weil’s disease, or leptospiral jaun- 
dice, was the first type of jaundice m which a 
specific infectious agent was lecognized Yellow 
fever has been recognized clinically for many 
years, but the identification of the speafic causal 
virus has been recent 

That acute hepatitis, whether epidemic or 
sporadic, is a specific infectious disease was 
stressed by Cockayne and later by Pickles ® 
American epidemics were lepoited by Hiscock 

4 Greene, C H, and Bruger, M The Functional 
Study of the Liver an(^ Its Clinical Evaluation, New 
York State J Med 43 318 (Feb 15) 1943 

5 Mirslty, I A , von Brecht, R, and Williams, 
L D Hepatic Dysfunction in Malaria, Science 99; 
20 (Jan 7) 1944 

6 Ottenberg, R, and Spiegel, R The Present 
Status of Non-Obstructive Jaundice Due to Infectious 
and Chemical Agents, Medicine 22 27 (Feb ) 1943 

7 Cockayne, E A Catarrhal Jaundice, Sporadic 
and Epidemic and Its Relation to Acute Yellow Atrophy 
of the Liver, Quart J Med 6 18, 1912 

8 Pickles, W N Epidemic Catarrhal Jaundice 
Outbreak in Yorkshire, Brit M J 1 944 (May 24) 
1930, Epidemic Catarrhal Jaundice, Bnt J Child Dis 
33 192 (July-Sept) 1936 
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and Rogers ® and by Blumer More recent 
epidemics have been reported by Ottenbeig and 
Spiegel ® in the United States, Ford and 
Evans in England and Leffkowitz in Pales- 
tine 

Of particular interest is the account by Mar- 
chand of health conditions in an isolated Indian 
village in the Yukon territory brought into con- 
tact with the outside world by the construction 
of the new Alaskan Military Highway The 
previously healthy village was forthwith swept 
by epidemics of measles, dysentery, whooping 
cough, mumps, meningococcic meningitis and 
catarrhal jaundice This is evidence both for 
the infectious nature of the jaundice and for the 
presence of healthy carriers among the urban 
workmen brought to the Indian village 

Willcox called attention to the military im- 
portance of infectious jaundice m troops during 
the last war, especially on the eastern front 
Military epidemics have been reported m the 
present war by Cameron In the majority of 
these epidemics water, milk and foods apparently 
could be excluded as souices of infection Close 
contact with other persons suffering from the 
disease was the rule The incubation period 
varied from three to five weeks, with an average 
of twenty-eight to thirty-one days 

The reports of different epidemics vary in 
details but agree that there is a prodromal period 
of three to ten days The prodromata frequently 
are associated with symptoms in the upper 
respiratory tract and an initial diagnosis of 
“grip ” This picture has been emphasized by Blu- 
mer, by Ottenberg and Spiegel and by Rogei s 
Cameron and Ford stressed headache, anorexia 
and irritability There is abdominal discomfort, 
which may be so severe as to suggest acute 
appendicitis or biliary colic Constipation rather 
than diarhea is the rule Fever usually is present 

9 Hiscock, I V , and Rogers, O F Outbreak of 
Epidemic Jaundice Among College Students, JAMA 
78 488 (Feb 18) 1922 

10 Blumer, G Infectious Jaundice in the United 
States, J A M A 81 353 (Aug 4) 1923 

11 Ford, J C Infective Hepatitis Three Hundred 
Cases in an Outer London Borough, Lancet 1 675 
(May 29) 1943 

12 Evans, P Comments on Epidemic of Hepatitis, 
Brit M J 2 446 (Oct 17) 1942 

13 Leffkowitz, M , cited in Infectious Hepatitis in 
Palestine, Foreign Letters (Palestine), JAMA 
123 1062 (Dec 18) 1943 

14 Marchand, J F Tribal Epidemics in the Yukon, 
J A M A 123 1019 (Dec 18) 1943 

15 Willcox, W The Epidemic Jaundice of Cam- 
paigns, Brit M J 1 297 (Feb 26) 1916 

16 Cameron, JDS Infective Hepatitis, Quart 
J Med 12 139 (July) 1943 

17 Rogers, O F Epidemic Hepatitis, Corre- 
spondence, JAMA 123 1066 (Dec 18) 1943 


duung the preicteric stage Leukopenia is the 
rule These prodromal symptoms tend to dis- 
appear after the onset of jaundice The liver 
usually IS enlarged and tender Splenic enlarge- 
ment IS much less frequent The jaundice usually 
clears in one to four weeks 

The epidemic of jaundice associated with the 
use of human serum m the preparation of yellow 
fever vaccine was discussed last year These 
cases differed from those encountered m ordinary 
epidemics of infectious hepatitis in the long in- 
cubation period This varied from forty to one 
hundred twenty days but usually was between 
seventy and ninety days The gradual onset with 
less marked prodromal symptoms, the usual ab- 
sence of fevei and the normal leukocyte count 
seem further to differentiate this disease from 
the epidemic type of hepatitis 

Detailed reports of this epidemic to date are 
limited in numbei One of the most extensive 
IS that of Turner and his associates,^® who studied 
4,083 cases, with 14 deaths, occurring at Camp 
Polk, La In this group the incubation period 
varied from nine to twenty-three weeks The most 
common symptoms on the patients’ admission 
weie anorexia, weakness, nausea, abdominal pain 
and vomiting These often preceded the jaun- 
dice Fever was unusual 

Jaundice and enlargement and tenderness of 
the liver were the most important findings on 
physical examination Evidences of a hemor- 
rhagic diathesis were usual v hen the disease was 
severe Slight leukocytosis was the rule 

The most important complications were as 
follow s 1 Evidences of disturbances m the cen- 
tral nervous sjstem appeared as changes in per- 
sonality, delirium or severe coarse tremor of the 
extremities A lestless stupor deepening into 
hepatic coma was seen in the fatal cases 2 
Petechial hemoirhages in the skin and mucous 

18 Greene, C H Liver and Biliary Tract A 
Review of the Literature for 1942, Arch Int Med 
71 563 (April) 1943 Jaundice Following Yellow Fevei 
Vaccination, editorial, JAMA 119 1110 (Aug 1) 

1942 The Outbreak of Jaundice in the Army, Medicine 
and the War, ibid 120 51 (Sept 5) 1942 Fox, J P , 
Manso, C , Penna, H A , and Madureira Para Ob- 
servations on Occurrence of Icterus in Brazil Following 
Vaccination Against Yellow Fever, Am J Hyg 36 68 
(July) 1942 Findlay, G M , and MacCallum, F O 
Hepatitis and Jaundice Associated with Immunization 
Against Certain Virus Diseases, Proc Roy Soc Med 
31 799 (May) 1938 Ohphant, J W , Gillian, A G , 
and Larson, C L Jaundice Following Administration 
of Human Serum, Pub Health Rep 58 1233 (Aug 13) 

1943 

19 Turner, R H , Snavlev, J R , Grossman, E B , 
Buchanan, R N , and Foster, S O Some Clinical 
Studies of Acute Hepatitis Occurring in Soldiers After 
Inoculation with Yellow Fever Vaccine, with Especial 
Consideration of Severe Attacks, Ann Int Med 20 
193 (Feb) 1944 
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membranes were the commonest complication 
Massive gastrointestinal hemorrhage was also 
seen The response of the blood prothrombin to 
treatment with vitamin K was one of the best 
guides to prognosis 3 Ascites was reported in 13 
cases and sometimes was associated with a high 
concentration of protein in the ascitic fluid Tur- 
ner and his associates expressed the opinion that 
capillary injury was of greater significance in the 
development of ascites than was reduction in the 
plasma protein, though this also show'ed changes 
4 Renal disturbances were manifested by al- 
buminuria and a defective concentration of the 
urine 5 Anemia, commonly macrocytic, was a 
frequent complication, which usually developed 
late in the course of the illness 

Turner and his associates pointed out that 
capillary hemoi rhage was the most frequent com- 
plication in these cases They concluded that 
the capillary hemorrhage together with conges- 
tion and stasis m the spleen and other viscera 
leads to increased hemolysis The products of 
this hemolysis together wuth the products of l 3 'sis 
of damaged hepatic cells lead to disturbances in 
the functioning of the kidneys as well as of the 
remaining hepatic tissue Such a process, in 
their opinion, explains many of the clinical mani- 
festations reported 

Jaundice has developed after the use of human 
serum for other conditions Pi opert reported 
on a group of children who received pooled con- 
valescent measles serum and in whom jaundice 
developed after seventy-eight to eighty-three 
days Investigation by the British Ministry of 
Health showed that 109 persons had been in- 
oculated with this convalescent measles serum 
Jaundice developed in 41, with few fatalities 

Jaundice has been reported to occur in soldiers 
aft^r the prophylactic use of plasma from patients 
convalescent from mumps This subject has 
been review'ed in detail in a report of the British 
Ministry of Health Reference was made there 
to 12 reported cases of jaundice in persons who 
had previously been given transfusions of plasma 
or of whole blood Beeson reported 7 cases 
of jaundice developing thirty-three to one hun- 
dred and nineteen days after transfusion of pooled 

20 Propert, S A Hepatitis After Prophylactic 
Serum, Brit M J 2 677 (Sept 24) 1938 

21 McNalty, A S Annual Report of the Chief 
Medical Officer, Ministry of Health, for the Year 1943, 
London, His Majesty’s Stationery Office, 1938, p 38 

22 Homologous Serum Jaundice, Memorandum Pre- 
pared by Medical Officers of the Ministry of Health, 
Lancet 1 83 (Jan 16) 1943 

23 Beeson, P B Jaundice Occurring One to Four 
Months After Transfusion of Blood or Plasma Report 
of Seven Cases, JAMA 121 1332 (April 24) 1943 


plasma or of citrated blood Morgan and Wil- 
liamson follow^ed up a series of 50 patients who 
had received serum or dried plasma Jaundice 
developed m 9 of these patients (18 per cent) 
after forty-nine to one hundred and seven days 
The extremely high incidence of jaundice in this 
series emphasizes the need for a careful and pro- 
longed follow-up of patients receiving plasma 
or blood by transfusion 

In the past, attempts at experimental transmis- 
sion of infectious hepatitis have been unsuccess- 
ful Cameron and V an Rooyen and Gordon 
administered bile, gastric washings and blood 
from patients with jaundice by a variety of routes 
to a variety of animals without being able to 
reproduce the disease 

Lamer administered blood or bile from 
patients wnth sporadic catarrhal jaundice to a 
series of 15 healthy subjects No evidence of 
jaundice or of hepatitis appeared in any of them 
Voegt'" administered duodenal juice from a 
patient wnth epidemic hepatitis orally to each of 
4 human volunteers Serum, plasma or hemo- 
lyzed erythrocytes from patients w^ere injected 
into 6 other volunteers In 6 of these recipients 
subclinical icterus or other signs of hepatic im- 
pairment developed Findlay and Martin pro- 
duced jaundice in 3 human volunteers by instill- 
ing into the nares nasal washings from patients 
in the preicteric or early icteric stage of jaundice 
following injection of yellow fever vaccine 
Symptoms appeared in the volunteers after 
twenty-eight, thirty and forty days A report 
has also been made to the effect that a virus has 
been cultivated from the duodenal fluid of patients 
with epidemic hepatitis 

Andersen,®® of Copenhagen, noted that epi- 
demics of hepatitis, contrary to most epidemics, 
had a greater case incidence in country villages 


24 Morgan, H V, and Williamson, D A J Jaun- 
dice Following Administration of Human Blood Prod- 
ucts, Brit M J 1 750 (June 19) 1943 

25 Van Rooyen, C E, and Gordon, I Some Ex- 
perimental Work on Infective Hepatitis in M E F 
J Roy Army M Corps 79 213 (Nov ) 1942 

26 Lamer, F Zur Frage der Infektiositat des 
Ikterus, Wien klin Wchnschr 53 601 (July 26) 1940 

27 Voegt, H Zur Aetiologie der Hepatitis epi- 
demica, Munchen med Wchnschr 89 76 (Jan 23) 


28 Findlay, G M , and Martin, N H Jaundice 
Following Yellow Fever Immunization Transmission 
by Intranasal Instillation, Lancet 1 678 (May 29) 1943 

29 Siede, W , and Luz, K Zur Aetiologie der 
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6U Andersen, T T Etiology of Hepatitis Epidemica 
Jaundice), Acta med Scandinav 93*209 

1937 Andersen, T T and Tulinius, S Etiology of 
Hepatitis Epidemica (Epidemic Jaundice), ibid 95 497 

1938 


{ 


352 


ARCHIVES OF INTERNAL MEDICINE 


than in urban communities Jaundice occurs in 
epidemics in pigs, and he was able to transfer 
the disease of pigs through four generations in 
young pigs by feeding infected livers He also 
produced jaundice in pigs by feeding 50 cc of 
duodenal bile from human patients with jaundice 
The incubation period was short, only three to 
four days Blumer reported 2 cases of febrile 
jaundice occurring within five days after the 
patients had eaten roast pork 

It IS generally accepted at the present time 
that the infectious nature of epidemic hepatitis 
has been established Experiments in its trans- 
mission suggest that it is due to a virus, while 
differences in the reported incubation periods and 
m the clinical pictures suggest that there are sev- 
eral viruses which may produce jaundice The 
period of greatest infectivity apparently is dur- 
ing the prodromal and preictenc stages of the 
disease, and the infectivity may be lost shortly 
after clinical jaundice becomes manifest Children 
are more susceptible than adults, and only a small 
proportion of the adults in an urban population 
are susceptible Failure to recognize these rela- 
tionships may be responsible for some of the 
difficulty in the experimental transmission of 
the disease 

Rapid, simple clinical methods for the recog- 
nition of these hepatotoxic viruses would do much 
to clarify the etiology and diagnosis of hepatitis 
and jaundice 

ASPIRATION BIOPSY OF THE LIVER 

The study of specimens of liver obtained by the 
routine postmortem use of the viscerotome has 
been of great value m determining the incidence 
and extent of infection with yellow fever in 
South America 

Similar studies by Roholm and Iveisen®® by 
means of aspiration biopsy of the liver have done 
much to clear up the pathologic picture of acute 
hepatitis “Catarrhal jaundice” as used by 

31 Blumer, G Note on Relationship Between 
Jaundice in Pigs and Jaundice in Human Beings, J Mt 
Sinai Hosp 8 418 (Jan -Feb) 1942 

32 Infective Hepatitis in the War, Foreign Letters 
(London), J A M A 121 879 (March 13) 1943 
Catarrhal and Human Serum Jaundice, editorial, ibid 
122 746 (July 10) 1943 Problem of Infectious Jaun- 
dice, editorial, ibid 122 1186 (Aug 21) 1943 Epidemic 
Hepatitis or Catarrhal Jaundice, editorial, ibid 123 
636 (Nov 6) 1943 Dietrich, S Der sogenannte 
katarrhalische Ikterus und die Hepatitis epidemica, 
Deutsche med Wchnschr 68 5 (Jan 2) 1942 Gutzeit, 
K Icterus infectiosus, Munchen med Wchnschr 89 
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33 Roholm, K, and Iversen, P Changes in the 
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Virchow to indicate obstruction of the common 
duct in the course of a “duodenal catarrh,” is 
now generally accepted as a misnomer Oppor- 
tunities for pathologic examination of the liver 
m cases of this condition have been few In this 
country Klemperer, Killian and Heyd®® were 
the first to emphasize the existence of parenchy- 
mal lesions in the liver Barber and Osborn 
and Findlay and Dunlop have recently reported 
cases of simple jaundice in which they demon- 
strated the presence of acute necrosis of the liver 

Roholm and Iversen have made routine aspi- 
ration biopsies of the liver in a series of 26 cases 
of sporadic jaundice They inserted a cannula 
into the liver in the right ninth interspace at the 
posterior axillary line By means of a record 
syringe pieces of liver 1 to 2 cm long and 2 mm 
in diameter were aspirated They found dis- 
arrangement of the hepatic cells with necrotic 
changes, especially in the centers of the lobules 
There were mononuclear cell infiltration and in- 
crease of connective tissue around the portal 
spaces and m some of the lobules 

These studies of Roholm and Iversen have 
been extended by Dible, McMichael and Sher- 
lock m a series of 56 cases of acute hepatitis, 
14 of them cases of epidemic hepatitis The 
jaundice followed arsenotherapy in 35 In the 
remainder the jaundice followed prophylactic use 
of mumps convalescent serum or transfusion of 
serum In all they found degenerative, necrotic 
or autolytic changes in the hepatic cells, especially 
in the center of the lobules Repeating the biopsy 
after recovery showed that in some cases there 
was complete restitution and that in others acute 
or subacute necrosis (atrophy) or occasionally 
mild fibrosis or cirrhosis resulted In no case 
was there evidence of bile stasis, which is 
claimed to occur in catarrhal jaundice The 
lesions in the liver were similar in all the groups 
of cases studied, but this is not to be taken as 
proof of a common causation of the different 
types of jaundice 

35 Virchow, R Ueber das Vorkommen und den 
Nachweis des hepatogenen, insbesondere das katar- 
rhalischen Icterus, Virchows Arch f path Anat 32 
117, 1865 

36 Klemperer, P , Khllian, J A , and Heyd, C G 
The Pathology of “Icterus Catarrhalis,” Arch Path 
2 631 (Nov ) 1926 

37 Barber, H , and Osborn, G R Morbid Anatomy 
of Sporadic Cases of Infective Hepatic Jaundice, J Path 
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38 Findlay, G M , and Dunlop, J L A Fatal Case 
of Acute Necrosis of the Liver Associated with Epidemic 
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Roholm and Kiaiup/° on the basis of clinical 
and biopsy studies, advanced the view that 
arsphenaniine jaundice is nothing moie than epi- 
demic hepatitis in cases in which the resistance 
of the liver to the virus has been reduced by the 
aisphenamine Similai views have been sug- 
gested by Bergstrand The relation of 
aisphenamine to hepatic disease and jaundice has 
been a debated topic for many years Stokes, 
Ruedemann and Lemon in 1920, for example, 
expressed views similar to those here leported 
This question apparently will not be settled till 
it becomes possbile to deteimme the lole of viius 
infection in hepatic disease with assurance The 
failuie so far to isolate a virus fiom the liver in 
cases of epidemic jaundice or jaundice due to 
seium may be due to the fact that autopsy ma- 
teiial has been used and that the viius has dis- 
appeared fiom the hvei by the time of death 
Watson pointed out that aspiration biopsy 
early in the couise of the disease may piovide a 
means of recovering a rarus 

Swedish investigators have leported on 
aspiration biopsy in hundreds of cases and in a 
vaiiety of hepatic diseases They have insisted 
that It IS a harmless proceduie Caie must be 
taken in the selection of cases The prothrombin 
time of the blood must be normal, to guard 
against postoperative hemoiihage Complete 
biliary obstruction must be excluded, for injury 
to a bile duct in the presence of such obstruction 
may lead to the development of a bihaiy 
fistula Cholangitis, hepatic abscess or other 
souice of infection must be avoided An 
improved biopsy needle has been reported by 
Tripoli and Fader Even undei these con- 
ditions Watson reported that in many cases (40 
per cent) it is difficult to obtain satisfactory 
specimens Once this difficulty is surmounted it 
ma}/ be expected that hepatic biopsy will be more 
widely used in the future 

40 Roholm, K , and Krarup, N B Die Histo- 
pathologic der Leber bei sogennanten Salvarsanikterus 
mittels Aspirationsbiopsie untersucht, Arch f Dermat 
u Syph 181 521, 1940 
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LEPTOSPIRAL JAUNDICE (WEIL‘’S DISEASE) 


In the filst Woild War many cases of Weil’s 
disease were desciibed If trench warfare re- 
turns in the present conflict and troops again 
live in wet, rat-infested trenches, the number of 
cases of leptospiral jaundice will inciease Re- 
poits of such cases to date have been lare^’^ 

Clapper and Meyers'*® leported 13 cases of 
Weil’s disease in civilians and emphasized the 
clinical and laboiatoiy evidence of meningitis and 
of caidiac damage piesent m addition to the 
jaundice and hepatic damage Bruno, Wilen 
and Snavely reviewed 15 cases observed in 
New Oi leans between 1939 and 1941 They 
stressed the fact that the diagnosis is frequently 
missed and that the disease probably is much 
more common than indicated by published 
leports 

The clinical features of diagnostic significance 
aie (1) an acute infectious disease with sudden 
onset, fever, headache and prostration, (2) 
seveie myalgia appealing spontaneously oi on 
piessLiie m the thighs, calves and back, (3) 
signs of hepatic damage, (4) signs of renal 
damage, (5) leukocytosis, (6) epidemiologic 
information as to exposure or occupation The 
authois reemphasized that if any four of these 
features are piesent the diagnosis of Weil’s dis- 
ease should be considered 

Bruno and his associates stiessed the menin- 
geal and caidiac featuies seen in many cases 
They pointed out that a hemorrhagic diathesis is 
piesent in many This presumably is due to a 
toxic effect of the leptospiras on the capillary 
wail, for normal prothrombin values weie found 
in cases in which theie were hemorrhagic 
changes They also reported 4 cases m which 
bronchopulmonary featuies led to the condition’s 
initially being mistaken for hepatitis secondary to 
pneumonia or resulting from treatment with a 
sulfonamide compound 

The diagnostic value of specific agglutinins 
against Leptospira icterohaemorrhagiae is gen- 
erally lecognized Bruno and his associates re- 
ported 1 case m which the agglutinins in the 
blood weie lost within three years after the 
patient’s recoveiy This is not necessarily the 


4(j Walch-borgdrager,B Leptospiroses, Bull Health 
Organ , League of Nations 8 143, 1939 Greene, C H 
and Farrell, E Liver and Biliary Tract A Review 
for 1939, Arch Int Med 65 847 (April) 1940 

47 Varadi, S Weil’s Disease in an Army Camp 
Case Report, Brit M J 1.126 (Jan 30) 1943 

48 Clapper, M , and Meyers, G B Clinical Manifes- 
tations of Weil’s Disease with Particular Reference to 
Meningitis, Arch Int Med 72.18 (July) 1943 

49 Bruno, F C , Wilen, C J W , and Snavely, J R 
Spirochaetal Jaundice A Report on Fifteen Cases, 
Including Two Cases of Leptospira Canicola Infection, 
J A M A 123 519 (Oct 30) 1943 
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case, for Packchanian and Tom reported 8 
cases m which agglutinins were present m the 
blood from two to over twenty years after recov- 
ery from Weil’s disease 

Larson reported the preparation of a specific 
immune serum which was of value in treating 
mice infected with Weil’s disease This serum 
was effective up to the third day of infection but 
was ineffective after the sixth day More work 
must be done before the serum is available for 
clinical use The need for early administration, 
moreover, will in many cases lessen its clinical 
usefulness 

Of even greater interest is the report by 
Heilman and Herrell that penicillin is of 
value m the treatment of guinea pigs infected 
with Weil’s disease 

HEPATIC CIRRHOSIS IN MANSON’s 
SCHISTOSOMIASIS 

Hepatic cirrhosis is the end result of infection 
with Manson’s schistosomiasis The clinical fea- 
tures of the condition have recently been reviewed 
by Koppisch and Villela Koppisch pointed 
out that Manson’s schistosomiasis is a disease 
of extended geographic distribution and of great 
importance as a cause of chronic illness and death 
within those regions Africa, northern South 
America and the Caribbean region are the great 
endemic foci In northern Africa it is found in 
the lower Nile Valley, particularly in the Delta, 
and in the Sudan It is present along the East 
African coast from Zanzibar to below the Zam- 
besi River It occurs throughout parts of Tan- 
ganyika, the Belgian Congo and Rhodesia In 
West Africa it is seen in Senegal and French 
Guinea There is a small endemic focus in 
Yemen, Arabia It was estimated in 1937 that 
m Egypt alone there were 3,000,000 cases of 
Manson’s schistosomiasis 

In the New World it occurs in parts of north- 
ern and northeastern Brazil, with a variable in- 
cidence, which m one locality has reached 85 18 
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per cent In Venezuela its distribution seems to 
be restricted to a limited part of the north central 
zone, where 60 to 80 per cent of the population in 
the valleys near Caracas are infected The dis- 
ease IS fairly common in Dutch Guiana In 
Puerto Rico, 14 6 per cent of the autopsies per- 
formed in San Juan, a nonendemic center with 
a population of about 170,000, have shown evi- 
dences of the disease Its incidence is greatest 
among persons in the second and third decades 
of life It ordinarily affects members of the two 
sexes to about the same extent 

For the completion of the parasite’s life cycle 
a specific intermediate molluscan host is neces- 
sary Given suitable climatic and hydrographic 
conditions, a miracidium is hatched when the 
human feces containing ova of Schistosoma 
mansoni reach the water It swims about until 
it finds a snail of the appropriate species, which 
it parasitizes Within the snail the miracidium 
undergoes morphologic alterations and great mul- 
tiplication, resulting, at the end of twenty-two to 
thirty-one days, m the emergence of large num- 
bers of fork-tailed cercarias The disease is 
acquired through exposure to cercarias, usually 
while a person is bathing in an infected stream 
or working in an irrigation canal, but infection 
can also take place through the buccal mucosa 
while one is drinking 

Spread of the disease can be avoided by (1) 
curing all who are affected with it so that no 
more viable ova will pass with their feces , 
(2) preventing the contamination of bodies of 
water wuth human excreta, (3) exterminating 
the snails or cercarias, and (4) keeping people 
aw’ay from the sources of infection One or more 
or all of these methods may be applicable with 
success m a few communities, particularly in 
small ones, but in the larger endemic foci the 
density of the population and the extent of the 
infested territory make these methods impractical 
at the present time 

The usual route of penetration is through the 
skin Since the metacercarias are next found in 
the lung, it IS clear that in the derma they must 
enter either lymphatics or veins In man they 
are supposed to enter the veins 

The course followed by the metacercarias 
seems at all times to be strictly intravascular 
Those which are not caught and destroyed in 
the pulmonary circulation reach the left side of 
the heart, wdience they are ejected with the 
arterial blood to all organs and tissues Those 
which reach organs and tissues whose venous 
drainage is by way of the portal vein seem to 
be the only ones that survive and establish a 
foothold in the mammalian host By passing 
from the arterial to the venous side m organs like 
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the spleen, pancreas, liver, stomach and small 
and large intestine, they reach intrahepatic portal 
branches, where they attain maturity 

It IS probable that in man most of the damage 
IS accomplished by the ova The chaiacteristic 
mode of reaction of the tissues m all organs to 
the presence of these structures is by the forma- 
tion of a pseudotubercle The presence of ova 
leads to progressive fibrosis of portal spaces and 
of the submucosa of the colon, with ultimate 
development of a portal cirrhosis and spleno- 
megaly if ova continue to be deposited in suf- 
ficient numbers over several years As part of 
the cirrhosis there is portal obstruction, resulting 
in development of a collateral circulation, of 
which an important complication is the foima- 
tion of esophageal varices that not infrequently 
give rise to fatal hemorrhage The heightened 
blood pressure in the splenic vein favors the 
development of sclerotic changes in its wall, at 
times with calcification, and in a few cases 
thrombosis supervenes 

The manifestations of the disease, both clini- 
cal and anatomic, may conveniently be giouped 
into three stages (1) an early period, com- 
prising penetration of the cercarias, migration 
within blood vessels and maturation in mtra- 
hepatic portal branches, (2) an intermediate 
period, of progressive accumulation of ova in 
various organs and tissues, and (3) a late period, 
of frank visceral damage, mainly cirrhosis and 
splenomegaly 

In man this early period usually is asympto- 
matic, except for itching for a few hours over 
the parts exposed to the infested water A his- 
tory of well defined itching following a person’s 
falling into, or bathing in, a stream should al- 
ways bring to mind this disease, and if the 
stream is known to be infested such a history 
should be taken as strong presumptive evidence 
of infection’s having actually taken place Some 
patients complain of anorexia, weakness, loss of 
weight, headache, nausea, vague intestinal symp- 
toms, looseness of the bowels and either feverish- 
ness or short accessions of high fever These 
symptoms have their onset a few days to two 
weeks after exposure, and not all of them may be 
present at a given time Unfortunately, these 
manifestations have so far been studied in but 
few cases, and,' furthermore, it seems probable 
that they are present in the heavier infections 
only Before ova begin to pass with the feces, 
there are no sure means of establishing the diag- 
nosis 

The intermediate stage is taken to begin with 
the onset of oviposition, on or about the fortieth 
day after exposure By this time wandering 
through the body has come to an end, and the 


woims have reached maturity The first well 
defined symptoms of this stage are accompanied 
by an abrupt onset with fever, accompanied or 
not by a chill, with a remittent or intermittent 
couise and the tempeiature reaching 102 or even 
104 F daily The duration is at least two or 
three weeks, probably longer when not cut short 
by treatment with fuadm The fever is accom- 
panied by the usual symptoms of a febrile proc- 
ess, by generalized or localized abdominal dis- 
comfoit, with or without pain, wdiich may be 
colicky, by nausea, vomiting, abdominal disten- 
tion, dysentery, urticaria and cough, which can 
be hacking and peisistent Physical examina- 
tion may disclose patchy aieas suggestive of 
bronchopneumonia and enlargement of the spleen 
and liver There may be a severe eosinophiha 
with a low, normal or elevated leukocytic count. 

Fiequently there is nothing very characteristic 
about the disease during the early part of this 
stage, and the spleen and liver may not be pal- 
pable tor a number of years after the onset 
However given a case with the geographic 
possibility of infection, diarrhea with blood in 
the stools and obscure abdominal symptoms, this 
disease must be included in the differential diag- 
nosis In the earlier stages of the disease eosino- 
philia is frequent, and its presence is of great 
value in calling the observer’s attention to a 
parasitic illness Not enough emphasis can be 
laid on the importance of establishing the diag- 
nosis at this stage, and the earlier the better 
Failure to do this and to carry on treatment with 
fuadm wull seal the patient’s fate or condemn 
him to prolonged ill health 

In the late stage the clinical picture is domi- 
nated by the manifestations of cirrhosis with 
splenomegaly, ascites, anemia and cachexia 
Diarrhea may still occur in bouts, but it may be 
absent for long periods Vague abdominal symp- 
toms and pain of variable intensity referred to 
some part of the colon usually persist At any 
time during this stage there may come accessions 
of fever lasting from a few days to several weeks 
Eosinophiha ma}- persist in some cases, while in 
others it is lacking Ova are often absent from 
the stools, mainly owing to the fact that the 
disease has lasted for many years and the num- 
ber of ovipositing worms has become greatly re- 
duced The clinical picture may be the exact 
duplicate of Laennec’s cirrhosis,®^® or it may 
mimic the Banti syndrome when there is anemia 

53a Jaffe, R Was lehrt uns die Bilharziazirrhose 
m bezug auf die Probleme der Leberzirrhose, Schweiz 
med Wchnschr 72 1149 (Oct 17) 1942, General 
Considerations on Pathogenesis Sj^hilitic Aortitis, 
Myocarditis, Hepatic Cirrhosis, J Lab & Qin Med 
29 139 (Feb ) 1944 
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with leukopenia Hematemesis is of frequent 
occurrence and may be the first indication of 
cirrhosis, not infrequently it is the immediate 
cause of death The diagnosis at this stage de- 
pends on the clinical history, on the presence of 
eosinophilia, on repeated search for ova in the 
stools by means of methods of concentration 
and, lastly, on exploratory laparotomy with 
biopsy of the liver 

Once ciirhosis is well developed, it is prob- 
able that the establishment of the diagnosis be- 
comes of little more than academic inteiest 
Ceitainly, some symptoms, like those of colitis, 
may be favorably influenced by judicious tieat- 
ment even in the presence of far advanced cir- 
rhosis, but piactically no effect will be exercised 
on the hepatic process, which will continue to 
progiess relentlessly even after the parasites aie 
destroyed 

The liver may be laige, small oi of normal size 
It IS always dense and pale, with a surface that is 
usually finely nodular and only exceptionally 
coarsely nodulai On section the piincipal char- 
acteristic IS the__ concentration of the fibrosis 
about the largei portal branches When this 
feature is well developed there are distinct col- 
lars of white or pink connective tissue about these 
veins — the so-called pipestem type of cirrhosis 
Microscopically, there is diffuse scan mg of the 
portal spaces, with formation of pseudotubercles 
about ova, diffuse and focal infiltration with 
lymphocytes, plasma cells and eosinophils and 
more oi less pigmentation of the Kupfter cells 
and phagocytes in the periportal tissues with 
finely divided brown pigment 

The spleen may not be enlarged, even when 
there is advanced cirrhosis, but this is exceptional, 
splenomegaly being the rule In the late stage 
the spleen is characterized by a diffuse fibrosis 
of the pulp, which ultimately results in great 
1 eduction m the number of cells in the cords 
and a diminution in the size and number of 
lymphoid follicles Brown pigment is usually 
found in the reticuloendothelial cells of the or- 
gan 

The ultimate cause of death is hematemesis due 
to a ruptured esophageal varix m one third of 
the advanced fatal cases, cachexia due to cir- 
rhosis in another third and complications in the 
remainder The studies of Koppisch show that 
schistosomiasis is the cause of hepatic cirrhosis 
in fully one third of the cases encountered m 
Puerto Rico Because of the characteristic patho- 
logic picture, aspiration biopsy, if feasible in such 
cases, would seem to be of value in differential 
diagnosis, as Villela has emphasized the impor- 
tance of postmortem viscerotomy in the study of 
the epidemiology of this disease 


AMEBIC HEPATITIS AND HEPATIC ABSCESS 

Amebic dysentery is one of the most important 
of the tropical diseases which may be expected to 
be of military and postwar significance A dis- 
cussion of amebic dysentery is without the scope 
of this review Its chief complication, amebic 
hepatitis and hepatic abscess, has been the sub- 
ject of a comprehensive review by Ochsner and 
DeBakey In this monograph they present an 
analysis of 181 personal cases together with a 
review of the literatuie containing over 4b0 
references 

Ochsner and DeBakey began by pointing out 
the fallacy in considering amebiasis a tiopical dis- 
ease Endamoeba histolytica is ubiquitous and 
has been found in all parts of the world While 
it has been generally accepted that 5 to 10 per 
cent of the population m this country harboi the 
parasite, recent surveys suggest that the true 
average incidence may be as high as 20 per 
cent 

The incidence of hepatic complications in cases 
of intestinal amebiasis varies greatly, depending 
on the material studied According to Ochsner 
and DeBakey it is approximately 4 to 5 per cent 
On the basis of these figures they calculated that 
20,000,000 to 25,000,000 people in this country 
are infected with patliogenic amebas and that the 
potential number with hepatic complications is 
approximately 1,000,000 The importance of 
this problem, especially from the standpoint of 
public health, is' obvious 

Curiously, sex is an important factoi in the 
development of this condition, for 83 9 per cent 
of patients with intestinal amebiasis are males, 
and 86 7 to 95 1 per cent of those in whom the 
hepatic comjDlications develop are males Most 
of the patients were seen in the thud, fourth and 
fifth decades of life 

In the pathogenesis of amebic hepatitis it is 
agreed that amebas leach the liver from the pri- 
mary focus in the intestine through the portal 
vein There they lodge m the smaller portal 
radicles, where they produce thrombosis with 
infarction and consequent focal necrosis These 
areas characteristically appear in the portal 
spaces and extend peripherally toward the cap- 
sule, thus paving the way for the cytolytic ac- 
tivity of the amebas to produce lysis and destruc- 
tion of the involved hepatic parenchyma In this 
early phase of amebic hepatitis a balance exists 
between regression toward healing, with replace- 
ment by scar tissue, and progression toward sup- 
puration and abscess The balance between these 

54 Ochsner, A , and DeBakey, M Amebic Hepatitis 
and Hepatic Abscess An Analysis of One Hundred 
and Eighty-One Cases with Review of the Literature, 
Surgery 13 460 (March) , 612 (April) 1943 
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two piocesses is detei mined by such piedisposmg 
factors as the relative lesistance of the host and 
the viiulence and number of the invading amebas 
The piesence of pathogenic bacteria, alcohol, 
tiauma and other detrimental agencies also con- 
tiibutes to the foiination of an abscess 

The typical abscess is filled with the chaiacter- 
istic chocolate sauce pus Amebas may be found 
in the pus but aie moie fiequently found m the 
cecum and ascending colon Venous blood fiom 
this aiea diains thiough the supeiior mesenteric 
vein to the right lobe of the liver This appar- 
ently explains why the majoiity of abscesses aie 
single (65 to 88 6 pei cent) and occur in the 
right lobe of the livei (84 7 to 96 3 per cent) 

The clinical manifestations at the onset of 
hepatic abscess vary consideiably Usually they 
come on early, in the fiist thiee months of the 
course of an amebic d} sentery, but may be acute, 
subacute or insidious in development The most 
important systemic manifestation of hepatitis or 
abscess was fever, which usually was of low grade 
and intermittent This was present m 84 5 per 
cent of the cases Weakness, loss of weight, 
anorexia, diarrhea, chills and profuse perspi- 
ration, nausea and vomiting were less frequently 
observed Jaundice was obsen’-ed in 10 5 per 
cent of the cases Diarrhea was present in 25 4 
per cent of the cases, and a history of antecedent 
diarrhea could be obtained in only 67 2 pei 
cent of these cases 

The eailiest and most constant local manifes- 
tations of amebic hepatitis are pain and tender- 
ness in the region of the liver This was present 
in 86 7 per cent of the cases Clinically recog- 
nizable enlaigement of the liver was present in 
72 9 per cent 

Laboratory findings include a moderate 
leukocytosis with an average count of 16,460 in 
this series The majority of the patients showed 
a secondary anemia, which was more pi onounced 
in those with chronic involvement The fre- 
quency with which amebas are demonstrated in 
the stools varies with the technic of the examiner 
and the number of examinations made Ochsner 
and DeBakey reported that amebas were found in 
36 4 per cent of their cases 

Roentgenography is one of the most important 
and dependable laboratory procedures in the 
diagnosis of amebic abscess of the liver The 
elevation and immobility of the diaphragm fre- 
quently are characteristic In cases of uncom- 
plicated abscess of the liver a distinct bulging of 
the diaphragm may be observed pointing upward 
into the lower pulmonary field in both the ante- 
roposterior and the lateral roentgenograms A 
positive diagnosis was made by roentgenography 
in from 69 to 100 per cent of the cases, depending 


on the particular senes leported Ochsnei and 
DeBakey leported a positive diagnosis m 88 per 
cent of their cases 

The diagnosis of amebic hepatitis and hepatic 
abscess is not difficult if the conditions are kept 
m mind and the clinical manifestations and re- 
sults of laboiatoiy examinations accorded due 
consideration An amebic hepatitis should always 
be considered when a patient has low giade daily 
remittent oi intermittent fever, pain and tender- 
ness ovei the livei, moderate leukocytosis with- 
out a concomitant propoitionate mciease in poly- 
moiphonuclear leukocytes and E histolytica in 
the stools Such a clinical picture duiiiig or 
shoitly after an attack of amebic dysentery moie 
strongly indicates the presence of amebic 
hepatitis However, it should be realized that 
even in the absence of intestinal manifestations 
the condition should be considered, repeated 
examinations of stools should be done and every 
attempt should be made to confirm or exclude 
the diagnosis of amebic hepatitis The signifi- 
cance of early recognition of this condition has 
been emphasized lepeatedly and lies in the fact 
that the institution of appropriate therapy during 
this piesuppurative stage may prevent progres- 
sion to abscess foimation 
Wheieas theie is some vaiiation in the clinical 
manifestations of amebic abscess of the liver de- 
pending on the chronicity of the process, persis- 
tent hepatomegaly, pain and tenderness over the 
hepatic area with occasional radiation to the 
shoulder, and a daily remittent or intermittent 
fever of model ate degree are fairly constant 
manifestations The presence of these symptoms 
and signs should always suggest the possibility of 
an amebic abscess Anorexia, loss of weight and 
strength, nausea and vomiting, piofuse perspira- 
tion and disturbed slumber aie less constantly 
observed, but their presence lends further sup- 
port to the diagnosis The presence of an ante- 
cedent dysentery is confirmatory evidence, but 
Its absence is not lefutatory It will be recalled 
that fiom one third to almost one half of the 
patients gave no history of a previous dysentery 
The diagnosis is supported further by a mild 
leukocytosis without a disproportionate increase 
in polymoiphonuclear leukocytes If, in addition 
to such a clinical picture the characteristic fluoro- 
scopic and roentgenologic findings previously de- 
scribed are present, the diagnosis of amebic 
hepatic abscess is justified The demonstration 
of active or encysted forms of E histolytica is 
corroborative evidence, but their absence does not 
exclude the diagnosis 

It must be realized, of course, that wheieas 
these findings justify the diagnosis of amebic 
hepatic abscess, its establishment depends on the 
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demonstration of the characteristic chocolate 
sauce pus Herein lies the diagnostic importance 
of exploratory aspiration However, the pro- 
cedure should not be performed without thorough 
cognizance of its possible dangers Of these the 
most important are (1) hemorrhage and (2) 
extension of infection Various investigators 
have directed attention to the possibility of 
hemorrhage and have reported cases m which 
this dangerous complication followed exploi atory 
aspiration of an amebic abscess of the liver The 
danger of hemorrhage may be almost entirely 
avoided by administering emetine for several days 
preceding the aspiration and thus controlling the 
associated hepatitis Extension of infection is 
another danger which deserves special consider- 
ation, since it IS not always possible to determine 
clinically whether an amebic hepatic abscess is 
sterile or contains pyogenic organisms The 
latter possibility should always be assumed and 
the aspiration performed in such a manner that 
an unmvolved portion of the peritoneum or the 
pleural cavity is not traversed by the aspirating 
needle Obviously this is not always possible, 
but it should be kept in mind during the at- 
tempted aspiration It should be realized also 
that this IS not as difficult in the presence of an 
enlarged liver containing an abscess as under 
normal conditions, for with the former the ana- 
tomic relationships have been changed 
These hazardous possibilities, hemorrhage and 
extension of infection, may be avoided largely by 
preaspiration therapy with emetine, the type of 
needle employed, the technic of aspiration and 
the performance of the procedure in the operating 
room under absolutely aseptic precautions 
Emetine hydrochloride should be administered 
for at least two to four days prior to aspiration 
in 1 gram (0 06 Gm ) doses daily By employ- 
ing a needle not longer than 10 cm with a caliber 
not greater than 2 mm the danger of puncturing 
a large vessel is minimized Ochsner and 
DeBakey expressed preference for a short, bev- 
eled needle or a trocar type with a short, fairly 
blunt point The procedure should always be 
performed in the operating room, first, because 
aseptic precautions are likely to be greater and, 
second, because if the abscess is found to be 
secondarily infected open drainage can be done 
immediately The latter possibility can be readily 
determined by making an immediate smear of 
the aspirated pus, which will reveal on micro- 
scopic examination the presence of large numbers 
of bacteria and leukocytes in cases in which sec- 
ondary infection is present Whereas general 
anestliesia can be employed, local infiltration 
analgesia with 1 per cent procaine hydrochloride 
solution is preferable Nicking the skin at the 


contemplated site of puncture with a bistoury 
will facilitate insertion of the needle 

The cutaneous site of puncture and the direc- 
tion of the introduction of the needle depend 
largely on the clinical and roentgenologic find- 
ings Accordingly, in the presence of localizing 
signs and pointing of the abscess the needle 
should be introduced directly over the mass or at 
the site of greatest tenderness However, if no 
localizing signs are present the roentgenograms 
may be of guiding significance Thus in a case 
in which the lateral roentgenogram demonstrates 
the abscess in the anterior portion of the liver the 
needle may be inserted just below the anterior 
costal margin about 5 to 6 cm lateral to the mid- 
hne and directed superiorly and posteriorly On 
the othei hand, if the lateral roentgenogram re- 
A^eals posterior localization of the abscess the 
needle should be introduced below the costo- 
phrenic angle and directed superiorly and an- 
teriorly However, in those cases in which the 
abscess is located more anteriorly near the dome 
of the liver, as occurs most frequently, avoidance 
of the pleural and peritoneal cavities may be ac- 
complished best by inserting the needle in the 
ninth or tenth intercostal space in the anterior 
axillary line and directing it superiorly, medially 
and slightly posteriorly Occasionally it may be 
necessary to puncture the liver in several dif- 
ferent directions before pus is encountered If 
multiple punctures are necessary it is extreinelj 
important to remove the needle entirely before 
reintroducing it in a different direction rather 
than changing its direction while the needle is 
still at its original site In this way extensive 
injury to the friable parenchyma of the liver may 
be prevented Yater has emphasized the value 
of hepatosplenography with colloidal thorium 
dioxide when an abscess in the liver cannot be 
localized by ordinary roentgenograms 

The treatment of hepatic abscess in the past 
may be divided into three mam periods 1 The 
first was the period of purely medical treatment, 
during which evacuation of the purulent collec- 
tion was allowed to take place spontaneously 
The mortality during this period, which em- 
braced the history of medicine up to the 
sixth decade of the eighteenth century, 
was 80 per cent 2 The second epoch 
may be said to be limited to the short period 
from 1860 to the early 1870’s, during which 
early exploration with the aspirator gradually 

55 Meredith, R H , Cooper, L F , and Yater, 
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with Thorotrast Hepatosplenography, Ann Int Med 
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became the rule of practice, to be followed by re- 
peated explorations and finally cautious opening 
with trocars or caustic pastes or by means of 
small incisions 3 The thud period begins with 
the 1870’s, when the Listerian discovery made 
suigeons bolder m opening the peritoneal and 
pleural cavities m an effoit to evacuate the 
abscess early During this period the trocar 
gradually yielded to the knife and the rule of 
surgical practice consisted of immediate evacu- 
ation by free incision regardless of situation oi 
quantity of pus That the mortality during this 
period was still extremely high is shown by the 
leport on 182 patients admitted to the Charity 
Hospital in New Orleans during the ten year 
period 1884 to 1894, among whom there were 
87 (or 42 56 per cent) deaths 4 The combi- 
nation of treatment with emetine plus aspiration 
may be considered as inaugurating the fourth, 
and most important, period in the treatment of 
amebic hepatitis and hepatic abscess 

Emetine is preferably administered subcu- 
taneously as emetine hydrochloride m daily 
doses of 0 065 Gm (1 gram) until 0 39 to 065 
Gm (6 to 10 grams) has been given Because 
of its toxicity in excessive dosages and its cumu- 
lative action the noxious effects of this drug 
should be realized and considerable care exer- 
cised in Its use Experimental mvestigatois 
have shown that it is essentially a protoplasmic 
poison with an apparent selective action on mus- 
cle The danger of administering the drug in 
excessive dosage or over prolonged periods is 
indicated by the pronounced degenerative 
changes produced m the cardiac musculature 
Clinical manifestations of its toxicity consist of 
seveie diarrhea, nausea and vomiting, profound 
prostration, cardiac arrhythmia and failure, mus- 
cular pains and weakness, especially in the ex- 
tremities The maximum amount of emetine 
that should be given over any peiiod of time 
should not exceed 10 mg (% grain) of emetine 
hydrochloride per kilogram of body weight 
Accordingly, for a patient weighing 150 pounds 
(about 68 Kg ) this would be about 0 65 Gm 
(10 giams) Other amebicides, such as acetai- 
sone, carbarsone, treparsol (the sodium salt of 
3-foiniyIamino-4-oxyphenylarsinic acid) chmio- 
fon, vioform, and diodoquin (5,7-diiodo-8-hy- 
dioxyqumoline), which are safer and more 
efficient in the tieatment of intestinal amebiasis, 
aie not considered desirable in the treatment of 
amebic hepatitis and hepatic abscess because 
they are not as effective in these conditions as 
emetine and because they are toxic to the livei 
However, immediately after completion of ther- 
apy of the hepatic condition the patient should 
be given a course of therapy for the intestinal 


oby 

amebiasis While this fiequently cannot be 
demonstrated clinically, it should be assumed to 
exist once the diagnosis of amebic hepatitis and 
hepatic abscess has been established Moreover, 
the theiapy employed foi the latter should not 
be considered adequate for the treatment of the 
intestinal infestation For this reason a sepaiate 
and different type of therapy should be employed 
foi the intestinal amebiasis 

Aspiration is the procedure of choice in cases 
111 which evacuation of the abscess becomes nec- 
essaiy In such cases, however, it should be 
lealized that the preliminary administration of 
emetine is important In the Tulane surgical 
service, emetine hydrochloride is administered 
loutinely m daily doses of 0 065 Gm (1 gram) 
for two or four days preceding the aspiration 
Because the majoiity of amebic abscesses of the 
liver aie sterile and because of the prognostic 
and theiapeutic importance of this fact, eveiy 
attempt should be made to maintain this sterility 
The evacuation of such an abscess by open drain- 
age IS invariably followed by secondary infec- 
tion, and the morbid consequences of this de- 
velopment have been previously emphasized It 
IS possible to evacuate the abscess and simul- 
taneously maintain its sterility only by closed 
diainage In the series of Ochsnei and DeBakey 
open diainage was used m 80 cases, with a 
mortality of 22 1 per cent, and conservative 
therapy m 83, with 3 deaths, a mortality of only 
3 6 pel cent Aspiration was perfonned with- 
out piehmmary administration of emetine in 2 
of these fatal cases, and within a relatively short 
period following the proceduie manifestations of 
shock developed and the patients died The othei 
patient was treated with emetine and chimofon 
by the medical service for almost three weeks, 
and no attempt was made to drain the hepatic 
abscess At autopsy a huge hepatic abscess, 
measuring approximately 20 cm in diametei, 
was found, m addition to several smaller ab- 
scesses Ochsner and DeBakey expiessed the 
firm conviction that these 3 tragedies could have 
been averted, the first 2 by prehminaiy adminis- 
tration of emetine and the third by aspiration of 
the abscess m addition to the use of emetine 
As previously emphasized, the procedure of 
aspiration should be performed in the operating 
room because the facility and reliability of strict 
asepsis are probably greater and because open 
drainage can be done immediately if the abscess 
is found to be secondarily infected This may 
be determined readily by an immediate smear of 
the aspirated pus, which m cases of secondary 
infection would reveal on microscopic exami- 
nation the presence of large numbers of bacteria 
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and leukocytes The technic of aspiration has 
been described, and the procedure is performed 
in a similar manner for both diagnostic and 
therapeutic purposes The administration of 
emetine should be continued after closed drain- 
age of the abscess until 0 39 to 0 65 Gm (6 to 
10 grams) has been given It is considered 
unnecessary as well as undesirable to introduce 
any substance into the abscess cavity, as the use 
ot irrigating solutions of amebicides has been 
found to be valueless 

This last statement of Ochsnei and DeBakey 
summarizes past experience in the treatment of 
amebic abscesses of the liver which have become 
secondarily infected Recently Noth and Hirsh- 
feld reported the aspiration of such an amebic 
abscess that was infected with beta hemolytic 
streptococci of gioup G They inserted a small 
uieteral catheter through the aspiiating needle 
and used it to inject penicillin into the cavity 
of the abscess Twenty-five thousand units of 
penicillin was injected every four houis for eight 
doses The dose was then progiessively de- 
ci eased to 5,000 units eveiy foui hours Injec- 
tions of penicillin were maintained for fifteen 
and a half days, and a total of 830,000 units was 
administered With this treatment the patient 
became afebrile and asymptomatic and recovery 
was uneventful 

HEPATIC DAMAGE FROM TANNIC ACID 

One of the important medical problems of the 
war has been the treatment of burns Several 
papeis, including those of Wilson, Macgregoi 
and Stewart and McClure and Lam,®® have 
called attention to the impoitance of hepatic 
necrosis m cases of severe burns Jaundice is 
of bad prognostic omen in such cases Wells, 
Humphrey and Coll ®® wei e the first to incrimi- 
nate the then popular tannic acid therapy as the 
causative agent in the hepatic neciosis 

Patients treated with tannic acid had marked 
elevation of the icteius index, deci eased plasma 
prothrombin and strongly positive reactions to 
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cephalm flocculation tests These tests of hepatic 
function elicited a normal response in patients 
treated with plain petrolatum 

Several investigators studied the pioblem ex- 
peiimentally Forbes and Evans showed that 
subcutaneous administration of tannic acid to 
rats lesulted m hepatic necrosis Cameion, Mil- 
ton and Allen found that tannic acid had an 
mjuiious effect on the livers of a variety of 
experimental animals and were able to demon- 
strate the absorption of tame acid from burnt 
surfaces Clark and Rossitei showed that, m 
addition to the microscopic evidence of hepatic 
necrosis, functional impainnent could be demon- 
strated by galactose tolerance tests Additional 
detailed and confirmatory studies showing the 
poisonous effect of tannic acid on the liver and 
the changes m that organ after treatment of ex- 
perimental burns with tannic acid have been 
reported by Flartman and Romence ®® and by 
Baker and Handler 

The present consensus ®® is that the use of 
petrolatum or boric ointment gauze in the treat- 
ment of severe bums is preferable to applica- 
tion of tannic acid or other coagulation methods 

INDUSTRIAL POISONS AND DAMAGE TO THE LIVER 

Numerous chemicals used in industiy have a 
toxic effect on the livei These have been dis- 
cussed by Ottenberg and Spiegel The exigen- 
cies of wai cause a demand for numerous chemi- 
cals not commonly used in civilian industiy 

Triniti otoluene is one of the outstanding com- 
pounds in this class During the last war it, 
together with the closely related nitrophenols 
(tnnitiophenol [picric acid], etc), was respon- 
sible for a great many cases of industrial poison- 
ing and of toxic jaundice Evans has 
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reported 7 cases of toxic neciosis of the liver 
with jaundice, with 2 fatalities, in Biitish muni- 
tion woikeis Palmei, McShane and Lipman 
repoited 3 cases, with lecoveiy in all The 
jaundice came on suddenly and insidiously 
Anoiexia, nausea, vomiting and epigastric dis- 
tress sometimes preceded the jaundice but some- 
times appealed at the same time 

All the studies dealing with trinitrotoluene 
poisoning®® have emphasized the importance of 
prevention of this disease by careful selection of 
workers and constant supeiwision of the condi- 
tions of their employment The last include 
wealing of fleshly laundered uniforms, an obliga- 
toiy shower bath at the end of the work peiiod, 
improved ventilation and use of respirators in 
some situations Even with care there still may 
be excessive exposure to dust and fumes The 
difference between the numbers of cases of 
poisoning reported at the present time and those 
reported dm mg the past wai is a measure of 
the value of these preventive measures 

Chlorinated hydiocarbons pioduced chemically 
by the chlorination of naphthalene and diphenyl 
and known by the trade name of Halowax are 
used extensively in the insulation of certain types 
of electrical cables Woikers handling Halowax 
acquired a characteiistic type of dermatitis, 
which was described m Germany m 1927 and 
by Schwartz in this country 

Since the war a great deal of Halowax has 
been used in the manufacture of special electrical 
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cables used on shipboard Good and Pensky 
have reviewed the extensive liteiature dealing 
with Halowax acne or “cable rash” that has 
appeared in consequence The patients seen by 
Good and Pensky weie exposed piimaiily to 
dust, and only a dermatitis developed They 
encountered no cases of jaundice, and tests of 
hepatic function gave noimal lesults Schwartz 
pointed out that jaundice and damage to the 
liver do occur among workers exposed to fumes 
of Halowax, but detailed reports are not yet 
available on cases of jaundice following poison- 
ing by Halowax I have encountered a number 
of such cases, and the clinical picture is that of 
an acute or subacute toxic jaundice, which may 
develop insidiously Again the importance of 
preventive measures must be emphasized 

Tetrachlorethane is another toxic oiganic 
solvent which has been extensively used m indus- 
try during the war Gurney has described 
the medical measures taken in one plant to fur- 
ther the early recognition or prevention of poi- 
soning and hepatic damage Of a group of 277 
employees, 75, or 27 1 per cent, had such symp- 
toms or complaints as headache, giddiness, 
anorexia and nausea associated with exposure to 
the fumes of tetrachlorethane Fifty-five, or 19 8 
per cent, of these employees had enlargement of 
the liver Only 6 had sufficient hepatic damage to 
produce clinical jaundice Clinical recovery was 
piompt in all patients on removal from exposuie 
to the gas and on standaid treatment Gurney 
stiessed (1) hygienic and preventive measures 
for reducing the exposure to toxic materials , 
(2) frequent physical examination, with 
emphasis on the size of the liver and clinical evi- 
dence of jaundice, and (3) widespread use of a 
few simple laboratoiy tests for hepatic injury 
The laboratoiy tests were selected for their ease 
of application to large numbers of employees 
That the tests took a minimum of the employees’ 
time and required no special piepaiation and 
could be done with limited laboratoiy equipment 
were the chief factors m then selection The 
tests used weie those for bile and uiobilinogen 
in the uime and deteimination of the icterus in- 
dex and the cephalin flocculation test of the 
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serum My personal experience has confirmed 
the report of Gurney as to the usefulness of 
these tests m selecting patients for intensive 
study 

INTESTINAL OBSTRUCTION FROM GALLSTONES 

Intestinal obstruction from gallstones has been 
the subject of comprehensive reviews by Foss 
and Summers and Hmchey The spon- 
taneous formation of a fistulous opening be- 
tween the gallbladder and some portion of the 
intestinal canal is not an infrequent complication 
of cholecystitis, though statistical studies of its 
exact frequency are not available When such 
an internal biliary fistula forms, any gallstones 
pi esent m the gallbladder tend to be evacuated in- 
to the bowel In 176 cases of cholecystoentenc 
fistula studied by Wakefield, Vickers and Wal- 
ters ' ^ gallstones produced an intestinal obstruc- 
tion in but 10 According to Foss and Sum- 
mei s,'^® this accident happened in only 0 3 per 
cent of the cases of disease of the gallbladdei and 
bile ducts which had been observed by him 
Other reports in the literature indicate that gall- 
stones are responsible for from 1 to 6 per cent 
of cases of intestinal obstruction Hand and 
Gilmore collected reports of 12,153 cases of in- 
testinal obstruction from the literature and found 
that gallstones were lesponsible for the obstiuc- 
tion in 208 cases, or 1 7 per cent 

Such cases are being recognized with increas- 
ing frequency, for von Wagner in 1914 re- 
poited finding 334 cases m the literature 
Moore m 1925 reported 400 cases, while Foss 
and Summers collected records of 140 other 
cases reported since then The symptoms are 
variable From 46 to 50 per cent of the 
patients give a histor}' indicative of chronic dis- 
ease of the gallbladder or suggestive of biliar}- 
colic In 15 per cent of the cases repoited by 
Foss the patients ga\e no history of previous 
ill health or indigestion Approximately one 
third (32 per cent) give a history of an attack 
of epigastric pain sufficiently different fiom the 
pievious biliary colic that it could be ascribed 
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to perforation of the gallbladder or to passage of 
stones into the intestine 

Once in the intestine, small stones pass 
through the bowel and are evacuated without 
further incident Stones large enough to pro- 
duce ileus produce variable symptoms, depend- 
ing on the site of the obstruction Foss and 
Summers reported that in 83 per cent of their 
cases with ileus the stone had lodged in the 
ileum and m 59 per cent it was in the terminal 
portion of the ileum, i e , within 12 inches (30 
cm ) of the ileocecal valve According to Hin- 
chey, 50 pei cent of the patients give a recur- 
rent historj' of obstructive symptoms, apparently 
associated wuth passage of the stone along the 
intestine 

The preoperative diagnosis is greatly facili- 
tated by proper roentgenologic examination 
Rigler, Borman and Noble stressed the im- 
portance of (1) roentgenologic evidence of ob- 
struction as demonstrated by scout films of the 
abdomen and (2) direct visualization of the 
stone, though, as Hmchey observed, it may be 
seen but is not always identified as a gallstone 
If a Miller-Abbott tube has been passed success- 
fully to deflate the obstructed bowel, the intro- 
duction of a small amount of thin barium sul- 
fate solution may delineate the impacted stone 
This is a safer diagnostic procedure than is the 
oral administration of barium sulfate The 
demonstration of a cholecystoentenc fistula like- 
wise IS a valuable confirmatory sign in a case 
suspected to be one of intestinal obstruction due 
to gallstones The biliary radicles may be out- 
lined by gas in the ducts, or the fistula and 
bihaiy tree may be outlined by the regurgitation 
of barium sulfate from the intestinal canal 

Treatment is primarily surgical Wangen- 
steen and Owens reported cases in which de- 
compression of the bowel with a Miller-Abbott 
tube relieved the symptoms of obstruction and 
the gallstone was passed by rectum shortly 
thereafter This fortunate response is not the 
rule, for Hmchey and Hand reported cases in 
which the obstruction was not relieved by in- 
tubation 

Many of the patients are advanced in years, 
the average age in different series varying from 
62 to 66 In a large proportion of cases either 
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the diagnosis is not made or the decision to 
opei ate is reached only after a considerable delay 
It therefore is not sui prising that the operative 
mortality is about 50 pei cent 

Early diagnosis and prompt surgical inter- 
vention give the gieatest piomise foi a reduction 
in mortalit}^ Seaich should always be made for 
fuithei stones m the bowel, foi numeious cases 
have been repoiled of lecuiient obstruction 
fiom multiple gallstones m the intestine It is 
still too soon to tell if the present vogue for the 
Lise of sulfanilamide ciystals in the peritoneal 
cavity will reduce the operative mortality in 
cases of this type Mastin made the w'orth 
while suggestion that the risk of peritonitis from 

84 Mastin, E V , in discussion on Foss and Sum- 
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leakage of the suture line in the ileum may be 
obviated by dehveiing the loop of ileum contain- 
ing the gallstone outside the abdomen and main- 
taining this exterioi ization until the danger of 
leakage from the suture line is past 

The management of the biliaiy fistula should 
be regarded as a separate surgical problem from 
the relief of the intestinal obstiuction A chole- 
cystocolic fistula is paiticulaily likely to give 
rise to cholangitis, and its early closure is advo- 
cated When the biliary fistula is to the 
stomach, duodenum oi jejunum, it is agreed that 
inteivention frequently is unnecessary 

In the long run, eailiei lecognition of gall- 
stones and removal of them befoie they have an 
opportunity to perfoiate into the intestine per- 
haps offer the greatest hope of reducing the 
danger of gallstone ileus 
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Gastro-Enterology By Henry L Bockus, M D 
Volume II Price, 3 volumes and separate desk 
index, $35 Pp 975, with 176 illustrations, 12 in 
colors Philadelphia and London W B Saunders 
Company, 1944 

This book IS the second of a series of three volumes 
on gastroenterology prepared by a recognized authority 
m the field, who also is one of the outstanding teachers 
of modern medicine 

The volume begins with section IV of the series 
The section is on diseases of the small intestine and 
consists of fifteen chapters This section is followed by 
section V, on diseases of the colon, which consists of 
twenty chapters The final section of the volume, sec- 
tion VI, deals with diseases of the peritoneum, mesen- 
tery and omentum and is divided into two chapters 

The section on the small intestine includes, in part, 
discussions of the clinical approach to the study of dis- 
eases of the mesenteric small intestine, embryology and 
anomalies, duodenal stasis, duodenitis, duodenal para- 
sites, duodenal fistulas and other injuries, diverticulosis, 
tumors, regional enteritis, tuberculosis and idiopathic 
steatorrhea, and an excellent chapter on intestinal 
obstruction 

Under diseases of the colon, methods of study and 
examination based on the rich clinical experience of the 
author are outlined The chapter on functional disorders 
of the colon is especially enlightening, and this difficult 
problem is dealt with in a sound and practical manner 
The chapters on megacolon, melanosis and foreign 
bodies are mstructive The discussions of amebiasis 
and bacillaiy dysentery admirably set forth modern 
views and the best current treatment of these conditions 
The book contains a long and detailed chapter on 
ulcerative colitis, in which the views of many con- 
temporary workers are discussed Perhaps too much 
space IS devoted to the opinions of others in the dis- 
cussion of causation of this group of infections The 
reader would do well in reading this chapter to keep 
in mind that the discussion concerns itself with several 
disease entities, and to try to evaluate the author’s 
views concerning them The information gleaned in this 
way mav be controversial, but it represents the latest 
published thought on the subject 

The first of the two chapters of section VI is con- 
cerned with the nature and structure of the peritoneum 
and with tumors and inflammations of the peritoneum 
and their treatment, as well as with evaluation of, and 
the technic of, peritoneoscopy The second of the two 
chapters is concerned with the omentum and mesentery 

The entire volume offers highly instructive reading 
and leaves the reader with the thought that the task 
has been well done It will serve as a useful reference 
volume for many years to come 

Osier’s Principles and Practice of Medicine 
Edited by Henry A Christian, AM, M D , LL D 
(Hon ), Sc D , Hon FRCP (Can ), F A C P Fif- 
teenth Edition Price, $9 50 Pp 1498 New York 
and London A Appleton-Century Company, Inc, 
1944 

Only eighteen months after the fourteenth, or semi- 
centennial, edition of this classic medical text, a fifteenth 
edition appears This achievement is especially note- 


woithy when one considers the difficulty m obtaining 
material and labor during these war years and is first 
hand evidence of the demand of students and practi- 
tioners for the work 

This text by a single author is 1,498 pages in length, 
including a most detailed index, and adheres closely to 
the arrangement of the fourteenth edition Scattered 
throughout the book one finds instances m which addi- 
tions have been interpolated For example, page 361 (1) 
deals with ornithosis, while page 361 (2) treats of phle- 
botomus fever The indications for use of some of the 
newer drugs are mentioned in detail, as for example, 
penicillin and totaquine, and an up-to-date bibliography 
on these recent advances in medicine leaves little to be 
wished 

As a whole, the contents are so impressively handled 
that one is inclined to overlook the sketchy covering of 
some subjects, such as hemoglobinuria The reviewer 
IS impressed with the number of the rarer ills of man 
which the editor has contrived to include in this book 

The only real fault to be found is the manner of 
presenting the references It would facilitate reading 
greatly to have them listed 

Plants and Vitamins By W H Schopfer Author- 
ized translation by N L Noecker Foreword by 
W J Robbins Price, $4 75 Pp XIV and 293 
Waltham, Mass Chronica Botanica Company, 1943 

This book summarizes the present knowledge of vita- 
mins in plants The literature up to 1941 is reviewed 
fairly completely, and problems for future investigation 
are pointed out As the author indicates, the volume 
shows only a stage of progress in research which con- 
tinues to advance Much of the material discussed is 
based on contributions of the author, who pioneered in 
this field and whose work has stimulated many subse- 
quent investigations 

The book contains twenty-four chapters and is divided 
into three parts Part I deals with the synthesis of 
vitamins in plants, auxoautotropic plants and research 
methods In part II vitamins are discussed in relation 
to plants unable to synthesize them and considerable 
emphasis is given to growth factors of micro-organisms 
Part HI IS concerned with general problems involving 
vitamins 

This book will be of interest primarily to animal and 
plant physiologists and to a lesser extent to others 
engaged in vitamin researchf especially workers whose^ 
investigations involve bioassays with micro-organisms 

Allergy in Practice By Samuel L Feinberg Price, 
$8 Pp 798 Chicago The Year Book Publishers, 
Inc , 1944 

In his introduction the writer state^that he has tried 
to reach a middle ground between thetllementary sketch 
of the subject and the “elaborate, unwieldy, cumber- 
some and often encyclopedic tome ’’ At any rate he has 
produced an excellent book, clearly and concisely written 
and thoroughly documented with many references to the 
literature The subject is covered, however, in the con- 
ventional manner, and, while the material is well up to 
date, there is nothing of startling novelty The tables 
and illustrations are useful and the index is compre- 
hensive 
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BAGASSE DISEASE OF THE LUNGS 

W A SODEMAN, MD, and R L PULLEN, MD 

NEW ORLEANS 


Bagasse is the product remaining after extrac- 
tion of sugar from sugar cane This material 
IS commonly baled and if not used immediately 
may remain exposed m the field for some months 
before being converted, by processing, into in- 
sulating and acoustic board Workers employed 
in the breaking of these bales soinetiwes acquire 
a respiratory illness Seven cases of such a reac- 
ion have been repoited ^ In order to clarify the 
clinical picture and course of this disturbance, we 
are summarizing, aside from the 7 reported cases, 
11 of our own The following 2 histories are 
given in detail to bring out some of the diffi- 
culties m the evaluation of possible etiologic 
factors 

REPORT OF CASES 

Case 1 — N , a white youth aged 18, entered the 
hospital on Oct 2,' 1942, complaining of shortness of 
breath of one week’s duration He had been working 
for one month in an industrial plant handling bales of 
bagasse The onset of the shortness of breath was 
«-£ute, but the patient continued to work that day and 
the following day, finally being forced to rest by the 
progressively more severe dyspnea There was a slight 
cough producing mucoid sputum No hemoptysis was 
noted The systemic review revealed nothing of note 
At the time of his admission the temperature was 100 6 
F , the pulse rate 1 12 per minute, the respiratory rate 
56 per minute and the blood pressure 120 systolic and 
70 diastolic Aside from the profound dyspnea, the 
patient did not appear acutely ill The chief physical 
findings were limited to the chest and were as follows 
unimpaired respiratory excursion and motion, unim- 
paired tactile and vocal fremitus, normal resonance and 
bronchovesicular to bronchial breathing over the lower 
left quadrant of the chest posteriorly No rales or rubs 
were heard 

An examination of the blood on admission revealed 
75 per cent (12 Gm ) hemoglobin, 4,700,000 red cells 
and 15,040 white cells, consisting of 90 per cent poly- 
morphonuclear cells, 8 per cent lymphocytes and 2 per 

From the Departments of Preventive Medicine and 
Medicine, School of Medicine, Tulane University of 
Louisiana, and Chanty Hospital of Louisiana at New 
Orleans 

1 (o) Jamison, C, and Hopkins, J Bagasscosis 
Av Fungus Disease of the Lung, New Orleans M & 
S J 93-580-582 (May) 1941 (b) Castleden, L I M, 
and Hamilton-Paterson, J L Bagassosis An Indus- 
trial Lung Disease, Brit M J 2-478-480 (Oct 24) 1942 
(i^) Gilhson, J A , and Taylor, F Four Cases of 
Bagassosis, ibid 2 577-578 (Nov 14) 1942 


cent monocytes The hematocrit reading was 46 per cent 
The sedimentation rate was 35 mm per hour (Wintrobe, 
corrected) Urinalysis gave essentially normal results 
on several occasions Additional studies of the blood 
revealed 9 1 mg of urea per hundred cubic centimeters, 
dextrose (fasting) varying from 108 to 93 mg per hun- 
dred cubic centimeters, a carbon dioxide-combming 
power of 44 volumes per cent, alkaline phosphatase 4 4 
Bodansky units and phosphorus 42 mg per hundred 
cubic centimeters Kline and Kolmer tests gave nega- 
tive results Culture of blood and agglutination tests 
for typhoid, undulant fever, typhus and tularemia also 
gave negative results 'Examinations of the sputum for 
acid-fast bacilli, fungi and other organisms repeatedly 
failed to reveal any, except for the presence of Monilia 
on one occasion The reaction to the Mantoux test was 
negative with a concentration of 1 100 of old tuberculin 




Fig 1 —Temperature charts of patients 1 (chart A) 
and 2 (chart B), showing the febrile course of the 
disease during the stay in the hospital 


The Frei test and brucellergen cutaneous tests gave 
negative results 

Roentgen examination of the chest on the patient’s 
admission revealed diffuse, fine infiltration throughout 
both lungs The course of this infiltration is shown in 
serial roentgenograms reproduced m figure 2 

During observation in the hospital the patient mani- 
fested for three weeks an intermittent fever, reaching 
its peak late in the afternoon (fig 1 A') The pulse rate 
was constantly elevated above 100 per minute, often 
attaining 115 The respiratory rate remained elevated, 
once reaching 80 per minute On the day after ad- 
mission, the patient had hemoptysis of small amount, 
which subsided quickly 

Therapy in the initial weeks was chiefly supportive, 
with a high caloric diet On October 27 administration 
of potassium iodide, m doses totaling 37 grains (2 4 Gm ) 
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dail}’^, was begun, and this was continued until the patient 
was discharged After the institution of this therapy the 
temperature curve remained within normal limits, the 
pulse rate gradually slowed to an average level of 80 
per minute and the respirations within two weeks 
slowed to an average of 25 per minute Subjectively 
and objectively the patient was greatly improved 
Dyspnea disappeared Physical examination continued 
to reveal a paucity of abnormalities No rales were 
heard at any time, and bronchovesicular and suppressed 
breath sounds of slight degree were heard in the lower 
left quadrant of the chest posteriorly 

On November 17 the patient’s blood showed a red 
cell count of 6,000,000, 85 per cent hemoglobin (Sahli) 
and a white cell count of 13,560, with 73 per cent poly- 


On the day of discharge, the patient had a normal 
electrocardiogram, and fluoroscopic examination of the 
heart and great vessels showed them to be normal 
The vital capacity was repeatedly 1,700 cc , a deviation 
of 60 per cent minus (Wilson) from the normal for the , 
age, height and weight of the patient The roentgeno- 
logic examination showed little change in the lesions in 
the chest The physical examination revealed no abnor- 
malities, and there were no subjective complaints 
The hematocrit reading at the time was 42 and the red 
blood cell count 6,190,000 The hemoglobin content was 
112 per cent, or 16 3 Gm per hundred cubic centimeters 
A follow-up examination on Dec 21, 1942, approxi- 
mately one month aftei the patient’s discharge, showed 
a gam in weight to 121 pounds (54 5 Kg ) There was 




Fig 2 — Roentgenograms of the chest of patient 1, taken (_A) on admission, (5) the following day, (C) five 
weeks and (D) eleven weeks later The last plate (D) shows complete resolution 



morphonuclear cells, 16 per cent lymphocytes, 7 per cent 
monocvtes and 4 per cent eosinophils , the sedimentation 
rate was 54 mm per hour (Wintrobe, corrected) The 
hematocrit reading was 48 per cent A week later the 
sedimentation rate W'as 65 mm per hour (Wintrobe, 
corrected) and the red cell count was 6,100,000 
The patient stated that he had weighed 140 pounds 
(63 Kg ) prior to beginning work with bagasse At the 
time of admission to the hospital he w^eighed 114 pounds 
(513 Kg), a loss of 26 pounds (117 Kg), according 
to the histor 3 ', within one month, and during the ensuing 
three and a half w'eeks before iodide therapy was started 
he continued to lose steadily, his weight dropping to 
109 pounds (49 Kg ) With the administration of iodides 
gam in w'eight began, and it continued steadily until, 
at the time of discharge, on November 25, the patient 
weighed 117)4 pounds (52 9 Kg) 


slight dyspnea on mild exertion but none at rest Cough 
was infrequent, with a small amount, less than a tea- 
spoon, of yellow sputum expectorated in the morning 
The lungs appeared clear on physical examination but 
not in roentgenograms, although some clearing was 
reported (fig 2) The temperature was 99 4 F , and 
the pulse and the respiratory rate were 80 and 21 per 
minute, respectively The vital capacity had increased 
to 2,050 cc The sedimentation rate and the white cell 
count of the blood were normal, but the hemoglobin 
content was still high, 140 per cent Later a roentgeno- 
gram (fig 2) showed complete clearing 

Case 2 — F T , a 46 year old white man, married, 
entered the hospital on Sept 23, 1942, complaining of 
tightness in the chest, dyspnea and a sense of smothering 
The onset had been gradual, and these symptoms had 
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continued to grow worse Two weeks prior to admission, 
the patient began to have chills at night followed by 
severe drenching sweats which saturated the bedclothes 
He believed that fever was present but was unable to 
measure it These symptoms continued until a week 
prior to his admission to the hospital Dyspnea on 
exertion was severe, forcing him to he down to rest 
A mild, unproductive cough had been present since the 
onset No hemoptysis or foul-smellmg sputum was 
noted In seven months the patient lost 10 pounds 
(4 5 Kg) 

The patient stated that he had been a farmer all his 
life Three weeks prior to admission he began to work 
in an industrial plant breaking bagasse with a pick 


cytes, 2 per cent monocytes and 3 per cent eosinophils 
The sedimentation rate was 1 4 mm per minute (Rourke- 
Ernstene) and 40 mm per hour (Wintrobe, corrected) 
The hematocrit reading was 48 5 per cent, and the 
white cell count a week later was 13,350, with 102 
per cent hemoglobin (14 9 Gm ) per hundred cubic 
centimeters Urinalysis repeatedly gave results within 
normal limits The reactions to Kline and Kolmer tests 
were negative Additional studies of the blood revealed 
111 and 12 9 mg of urea per hundred cubic centi- 
meters, 95 and 91 mg of dextrose per hundred cubic 
centimeteis (fasting values) and a carbon dioxide- 
combining power of 40 volumes per cent on admission 
and 50 volumes per cent three weeks later The calcium 



Fig 3 —Roentgenograms of the chest of patient 2, taken (A) on admission, (S) two weeks later and 
(C) to (F) over the succeeding four month period Note the increasing infiltration from (A) to (B) and 
the gradual but not complete resolution from (C) to (F) 


He stated that there was not much dust and that he 
did not wear a mask but did keep a rag over his nose 
and mouth all the time he was working 

At the time of admission the patient did not appear 
acutely ill The temperature was 98 2 F , the pulse 
rate 100 per minute, the respiratory rate 22 per minute 
and the blood pressure 108 systolic and 76 diastolic 
No generalized lymphadenopathy could be demonstrated 
The physical examination revealed no abnormalities on 
admission 

A blood count at the time the patient entered the 
hospital revealed 4,600,000 red blood cells, 70 per cent 
hemoglobin (112 Gm ), 7,400 white blood cells, 80 
per cent polymorphonuclear cells, 15 per cent lympho- 


content of the blood was 7 7 and 8 3 mg per hundred 
cubic centimeters the phosphorus content, 4 1 mg The 
value for alkaline phosphatase was 1 7 Bodansky units 
The result of the Frei test was negative The Mantoux 
test elicited a 2 plus reaction with a concentration of 
old tuberculin of 1 10,000 Culture of the blood gave 
negative results, as did agglutination tests of the blood 
for typhoid, typhus, undulant fever and tularemia 
Studies of the sputum for acid-fast bacilli and for fungi 
repeatedly failed to reveal any The result of the 
brucellergen test was negative 
The roentgenologic report on the patient’s admission 
showed diffuse mottled infiltration throughout both 
pulmonary fields Serial roentgenograms taken during 
his stay in the hospital are shown in figure 3 
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On the day of admission the patient weighed 115 
pounds (51 75 Kg ), and during the ensuing four weeks 
the weight varied from 113 to 117 pounds (509 to 52 7 
Kg ) For the first two weeks in the hospital the 
patient manifested an irregular, intermittent fever, the 
temperature reaching 101 2 F , which gradually receded 
so that the temperature returned to normal by the end 
of the third week (fig IS) The pulse rate for the 
first four weeks of hospitalization averaged 100 per 
minute, but it fluctuated considerably, once attaining 
120 per minute During the febrile episodes the respira- 
tions averaged 30 to 40 per minute, once reaching a level 
of 45 

At the end of the fifth week of hospitalization, potas- 
sium iodide therapy was begun, with a total dose of 37 
grains (2 35 Gm ) a day Thereafter, no further febrile 
episodes were noted The pulse and the respirations im- 
proved gradually until at the end of the fourth week of 
therapy the pulse rate averaged 95 per minute and the 
respiratory rate fluctuated between 20 and 30 per minute 
Gain in weight was slow and steady until on the day 
of discharge, the patient weighed 122 pounds (54 9 Kg ) 
Throughout his stay in the hospital the subjective com- 
plaints gradually and steadily improved, although rales 
of fine, crackling character developed in the base of the 
right lung' posteriorly and persisted until the day of 
discharge 

On the day of discharge the patient’s vital capacity 
was 1,555 cc , which is minus 60 per cent deviation 
from normal for the age, weight and height (Wilson) 
Fluoroscopic examination of the heart and the great 
vessels revealed no abnormalities The electrocardio- 
gram was within normal limits The roentgenogram 
showed relatively little improvement 

On Dec 21, 1942, approximately a month after dis- 
charge, the weight was 126)4 pounds (56 9 Kg ) Short- 
ness of breath occurred on mild exertion, and there was 
some morning cough Fine rales were numerous over 
both bases posteriorly Vital capacity had risen to 
2,000 cc The hemoglobin was 123 per cent (17 8 Gm ) 
and the sedimentation rate and white cell count 18 mm 
and 4,850 respectively A roentgenogram of the chest 
taken in the eleventh week of the disease showed con- 
siderable, but not complete, clearing (fig 3) 

COMMENT 

The table summarizes the outstanding clinical 
findings in these 2 as well as m the 9 remaining 
cases Clearly the factors of sex and age are 
likely to depend on selection of workers in 
bagasse on the basis of ability to perform manual 
labor Hence, all the patients were men, and 
their ages averaged 27 years Six were white, 
and 5 were Negro The length of exposure to 
bagasse dust before symptoms arose was known 
m 8 cases and varied from three weeks to two 
years A clearcut history of exposure for only 
three weeks to two months was obtained m 3 of 
these cases In Gillison and Taylor’s cases this 
period was from two to four months 

The symptomatic picture was variable but 
showed several rather constant characterizing 
features Cough and dyspnea were early and 
important symptoms Dyspnea occurred m all 
and was almost invariabty the presenting com- 
plaint Characteristically it appeared suddenly 


and became sufficiently severe within a few days 
to force the patient to rest Cyanosis was noted 
but once Cough occurred in all instances 
Hemoptysis was noted 4 times , it was of short 
duration (several days) and the amount of blood 
varied, not exceeding a teaspoon daily In 
general the sputum, which was raised in 9 in- 
stances, was scant and mucoid It had a whitish 
appearance except when blood tinged Others 
have described the sputum as dark and yellow, 
dirty and foul smelling None of our patients 
described the sputum in these terms Pharyngeal 
irritation was noted in 3 instances Pleural pain 
was not observed but retrosternal pain was asso- 
ciated with dyspnea and cough Night sweats, 
chills and fever were not infrequent In one of 
our most recent patients, as well as in the one 
reported by Jamison and Hopkins, malaria was 
suspected and a diligent search made to rule it 
out The fever charts of patients 1 and 2 are 
shown m figure 1 Intermittent fever, with 
temperature ranging from 99 8 to 101 2 F , was 
observed and persisted up to three or four weeks 
In 3 patients no fever was noted Tachycardia 
with a heart rate exceeding 100 per minute 
occurred in 4 patients The respiratory rate 
varied from 20 to 80 and was over 25 in 7 
patients during the episodes of fever and dyspnea 
For 8 of the 11 patients the weight was recorded 
In all of them loss of weight occurred, varying 
from 5 pounds (2 25 Kg ) in three weeks to 26 
pounds (117 Kg ) m two months It was fre- 
quently noted before other symptoms developed 
Weakness over a long period was a characteristic 
finding The blood pressure was not remarkably 
changed 

Examination of the chest revealed nothing 
striking Impaired resonance and diminished 
breath sounds were noted m 4 instances, usually 
m the bases of the lungs posteriorly In 8 pa- 
tients rales were heard, chiefly in the bases In 
1 instance minimal signs of consolidation were 
heard m the base of the right lung an area in 
which lung puncture with biopsy was successful 
The manifestations were bilateral in 6 instances 

Roentgen examination of the chest showed 
what was uniformly described as a miliary 
mottling throughout both lungs, most dense in 
the hilar areas These areas in general had a 
ground glass appearance In only 1 instance 
were the apexes involved Examples of these 
changes and of their progress are presented in 
figures 2 and 3 

Bronchoscopy was carried out for 1 patient, 
and nothing worthy of note was observed 
Bronchograms also failed to reveal anything 
significant In Gillison and Taylor’s patients 
bronchoscopy showed congestion of the trachea 
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and bronchi and a white fiothy sputum These 
weie noted in the late stages of the disease 

The sputum, already described as scanty and 
mucoid, persistently failed to reveal tubercle 
bacilli, even with concentration methods In 4 
cases repeated attempts were made to grow a 
fungus On 1 occasion a positive culture for 
Monilia was obtained , m another patient a 
ftmgus was found but not identified These 
organisms were considered as contaminants The 
cellular content of the sputum consisted, in gen- 
eral, of polymorphonuclear leukocytes and 
lymphocytes Eosinophils were not in evidence 

Studies of the blood were of interest Leuko- 
cyte counts vaiied from 7,400 to 20,600 Ten 
of the 11 patients had counts above 10,000, 
averaging approximately 13,000 In 7 cases 
diffeiential counts indicated polymorphonucleai 
leukocytosis, the peicentage of polymorpho- 
nuclear cells varying from 73 to 90 Toxic 
gianulations weie in evidence, and theie was a 
shift to the left The pioportion of eosinophils 
varied from 0 5 to 7 per cent, averaging 3 5 per 
cent The numbers of mononuclears and of 
lymphocytes weie m the noimal range In 5 
cases Wintrobe sedimentation rates weie 35 to 
54 mm pei hour, a definite inciease In 4 
instances the hematocrit reading was 46, and 
in 1 it was 48 5 The red blood cell counts on 
admission varied from 4,300,000 to 6,770,000 m 
9 cases The high value, of 6,770,000, occurred 
in the fifth week of the disease and was ac- 
companied by a febrile reaction of 101 F In 
cases 1 and 2 we noted the development of a 
polycythemia in the eighth and the twentieth 
week of the disease, lespectively This find- 
ing has not been recorded previously perhaps 
because of the lack of follow-up studies The 
hemoglobin values were correspondingly ele- 
vated Blood cultures and agglutination reactions 
for typhoid, paratyphoid, tularemia and undulant 
fever were negative in 3 cases In cases 1 and 2 
tests for psittacosis, carried out by Dr Karl 
Meyer, of the Hooper Foundation, gave negative 
results Routine urinalyses and determinations 
of blood chemistry were within normal variations 

A Mantoux test was done m 4 cases In 2, the 
reaction was negative with dilutions of old tuber- 
culin of 1 1,000 and 1 100 Cutaneous tests 
with bagasse extracts will be described later in 
the paper 

Treatment has consisted of rest in bed during 
the acute stages of the disease and palliative 
medication and procedures In the 2 cases re- 
ported m detail a relationship between improve- 
ment and the administration of potassium iodide 
seemed to be evident This change may have 
been coincidental 


The stay in the hospital varied from nine to 
ninety-three days and averaged thirty-eight 
and a third days A follow-up investigation of 
6 cases over periods of four months showed per- 
fectly clear roentgenograms of the chest in 5 and 
a residual which appears at present to be clear- 
ing in 1 

Jamison and Hopkins called the condition 
“bagasscosis” , according to Castleden and 
Hamilton-Paterson the term “bagassosis” is bet- 
ter Since the suffix “osis” is properly added 
only to words formed from Greek roots - and 
since we have as yet not been able to trace the 
term “bagasse” to the Greek, we piefer the simple 
term “bagasse disease of the lungs ” 

The cause of the clinical picture has been un- 
detei mined The lack of autopsy material has 
handicapped the search for the cause We have 
been fortunate in obtaining sections of a lung of 
1 patient at autopsy and of another by lung 
puncture^ The obseivations on these sections 
will be discussed Experimental production of 
the disease has thus far failed A relationship 
between the development of the picture and work 
in bagasse dust seems clear This association 
was noted by Jamison and Hopkins as well 
as by others ^ Although bagasse dust up to 
the present time has not been shown conclusively 
to be the cause of the symptoms, the close rela- 
tionship between the patients’ work and the char- 
acteristic clinical picture, together with the 
absence of the disease in other persons, so far as 
observers have noted, points clearly to a cause 
and effect relationship between exposure to 
bagasse dust and the development of symptoms 
As will be discussed later, we have identified 
bagasse dust in sections of lungs 

In their leport Jamison and Hopkins suggested 
a fungus as the cause They isolated a fungus 
but did not state its characteristics or type In 
one instance we found Monilia in the sputum but 
considered that it was probably a contaminant, 
as IS often the case Castleden and Hamilton- 
Paterson attempted without success to isolate a 
fungus Gilhson and Taylor had the same ex- 
perience The roentgenograms of the chest re- 
mind one somewhat of the maple bark disease,^ 
a fungus infection, but we have been unable to 

2 Garber, S T Stedman’s Practical Medical Dic- 
tionary, ed IS, Baltimore, Williams & Wilkins Company, 
1942 

3 Sodeman, W A , and Pullen, R L Bagasse 
Disease of the Lungs, New Orleans M & S J 95 558- 
560 (June) 1943 

4 Towey, J W , Sweany, H C, and Huron, 
W H Severe Bronchial Asthma Apparently Due to 
Fungus Spores Found in Maple Bark, JAMA 
99 453-459 (Aug 6) 1932 
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isolate the causative organism or any otliei 
arganism which would produce a similai pictuie 
Investigation of the bagasse itself is difficult 
After lying m the field for vaiiable lengths of 
time with fermentation and fungous and bacterial 
invasion taking place in the bales, bagasse is a 
complex mixture not easy to analyze One might 
mention, however, that workers exposed to dust 
of the insulation board after processing, which 
includes heat tieatment, have not as yet been 
lepoited to acquire bagasse disease Processing 
destroys not only fungi and bacteria but allei- 
genic protein as well The fungus theory has at 
present little supporting evidence, but an in- 
fectious theory cannot be dispioved on negative 
or indirect grounds 

Some relationship to byssinosis, the syndrome 
occurring among peisons woiking with low 
giade stained cotton, might be suspected This 
syndrome is an acute illness that develops in 
workers exposed to high concentrations of dust, 
particularly in rural mattress making centers, 
cotton mills and upholstering plants,® and is 
thought to be caused by inhalation of substances 
produced by certain gi am-negative bacteria m 
or on the dust However, the clinical picture is 
distinctly different from that of bagasse disease 
The onset is sudden, within a few hours after 
exposuie Dry throat, aches, fatigue, headache, 
cough, chills, fever, and nausea and vomiting 
occur Conjunctival irritation is present The 
symptoms in the acute phase last only one to two 
days 

Castleden and Hamilton-Paterson suggested 
an allergic reaction as the cause of bagasse dis- 
ease They based this suggestion on the positive 
results of cutaneous tests Realizing the possi- 
bility that an allergic factor could be responsible 
for the disease, they prepared extracts for the 
tests in four menstruums tenth-noimal solution 
of sodium hydroxide, tenth-normal hydiochlonc 
acid, isotonic solution of sodium chloride and 30 
pel cent alcohol m distilled water Tricresol, 
0 25 pel cent, was added to each The extiacts 
containing acid and alkali wei e neutralized befoi e 
use In then case 2, extracts 1, 2 and 4, given 
inti acutaneously in doses of 0 2 cc , all elicited 
a wheal maximal in thirty minutes and a flare 
maximal in thirty-six hours Conti ols of the 
menstruum were also prepared The saline ex- 
tiact gave a flare but no wheal Three patients 
tested gave positive reactions, and a gioup of 
controls who did not have bagasse disease was 

5 Schneiter, R , Neal, P A , and Caminita, B H 
Etiology of Acute Illness Among Workers Using Low- 
Grade Stained Cotton, Am J Pub Health 32 1345- 
1359 (Dec) 1942 


repoited as having negative reactions It appears 
that these were tested solely with the saline ex- 
tract, the one which in their case 2 caused a flare 
only, without a wheal 

From these results Castleden and Hamilton- 
Paterson concluded that whole bagasse contains 
an antigen soluble in isotonic solution of sodium 
chloride to which workers inhaling the dust can 
be sensitized They suggested that the acute 
phase of the disease is possibly an allergic re- 
sponse to this antigen, with, or probably without, 
an infective element 

We repeated these tests on our patients 
Through the efforts of Dr S S Pinto, chief of 
the section of industrial hygiene of the Louisiana 
State Department of Health, we were able to 
obtain a sample of bagasse fiom a bale bound 
for England Dr Vincent Derbes, allergist to 
the Hutchinson Memorial Clinic, made up ex- 
tracts of this material according to the directions 
of Castleden and Hamilton-Paterson With all 
four extracts we tested 3 patients, 2 after re- 
coveiy from the disease and 1 during the sixth 
week of the disease In addition, 5 controls, 3 
who had no knowledge of ever contacting 
bagasse, 1 who in bis youth had cut cane for 
several weeks and another who had worked as 
watchman m an area where bales of bagasse 
were stored, were tested The doses of the 
English observers, as well as 0 04 cc doses, were 
used intracutaneously The developing leactions 
in 5 of these subjects were traced at the end of 
thirty minutes, with the results shown m figure 4 
Positive results weie obtained in each instance, 
which led us to the conclusion that the leactions 
weie irritation phenomena, peihaps with release 
of histamine, and did not necessarily indicate 
sensitization to bagasse At each site, particu- 
larly with the sodium hydroxide and the saline 
extract, extensive areas of reaction twice or more 
the size of the immediate flare were seen at 
twenty-four to thirty-six hours This leaction 
was not the flaie of Lewis’ triple response but a 
diffuse redness of the type seen in the positive 
reactions to the tubeiculin test and similai tests 
Of its interpietation we are in doubt, but, as is 
well known, the response cannot be construed to 
indicate an allergy to the extract used We 
encountered no absolutely negative reactions to 
tests, as did Castleden and Hamilton-Paterson 
Di Derbes concurred in these interpretations 

.Allergic pulmonary disease is well known 
The syndrome described by Loeffler appears to be 
such It is a transient pulmonary infiltiation 
accompanied by eosinophilia in the blood, and, 
as in the present series of patients, eventuates 
in the spontaneous disappearance of symptoms 
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and signs ® The course of the disease is, how- 
ever, distinctly different Symptoms include 
attacks of asthma with cough, fever, leuko- 
cytosis, eosinophiha and elevated sedimentation 
rate Only a few rales aie heard over the in- 
volved pulmonary areas Roentgen findings 
differ considerably, wath areas of consolidation 
appearing and disappearing rapidly, and the pic- 
ture clears up m about a week, with only a few 
fine scars left in the lung 

Tuberculosis is to be suspected as the cause of 
the condition, especially fiom the roentgen ap- 
pearance of the lungs The clinical associations, 
the absence of tubercle bacilli in the sputum when 
It IS examined by concentration methods, the 
results of the tuberculin test and the course of the 
disease, together with observations made at 



Fig 4 — Tracings taken at the end of thirty minutes 
of the cutaneous responses to intracutaneous injection 
of extracts of bagasse in S subjects The central area 
in each instance represents the wheal and the large 
area the extent of the flare In each arm the reactions 
from above downward represent the response to bagasse 
extracted in (1) 30 per cent alcohol, (2) tenth-normal 
sodium hydroxide solution, (3) tenth-normal hydro- 
chloric acid, and (4) isotonic solution of sodium chlo- 
ride (see text) Reactions in the right arm in each 
instance represent the response to 0 04 cc of extract, 
in the left arm, to 02 cc The responses shown in the 
last diagram were found in the sixth week of the dis- 
ease (case 3) The remaining responses are from the 
control series 

biopsy and at autopsy, rule it out rather con- 
clusively On similar grounds Boeck’s sarcoid is 
eliminated 

Finally to be considered as a possible cause of 
the clinical picture is pneumonoconiosis This 

6 Hoff, A , and Hicks, H M Transient Pul- 
monary Infiltrations, Am Rev Tuberc 45 194-199 
(Feb) 1942 


general term covers all diseases due to dust, 
whether fibrous or nonfibrous ’’ While bagasse 
IS described as containing 5 to 7 per cent silica 
(silicon dioxide), the short incubation period of . 
the disease and its short course, with complete ^ 
clearing of the lungs from the clinical and roent- 
genologic standpoints, speak distinctly against 
the possibility that the picture is a phase or type 
of silicosis, even of the acute variety Castleden 
and Paterson’s patient with residual lesions had 
woiked as a coal minei for twenty years 

Exposure to a variety of organic and inorganic 
dusts other than those active from their silica 
content may produce symptoms Bronchitis is 
not uncommon, and its cause often goes unrecog- 
nized Particles sufficiently small may reach the - 
alveoli and set up a pneumonitis Our patients 
showed roentgen evidence, leukocytosis, variable 
degrees of fever and raising of sputum, all of which 
are compatible with a diagnosis of pneumonitis 
The usual types of pneumonia, including atypical 
or virus pneumonia, are so different in all respects 
from this syndrome that they seem out of the 
picture But a pneumonitis from dust is likely, 
and the examination of tissue obtained by 
lung puncture from a patient m the sixth and 
seventh weeks of the disease supports the view 
that bagasse particles mechanically, chemically, 
through one of its fractions or by introduction of 
an unknown infection, are responsible for the 
pathologic picture Sections of these specimens 
obtained from involved areas are reproduced m 
figure 5 A section from the first biopsy specimen 
and one obtained at an autopsy in a case of bagasse 
disease have previously been published ® In that 
report the first biopsy was described as showing 
pulmonary tissue wuth several "spicules” of an ir- 
regular foreign material embedded in it The for- 
eign bodies were similar microscopically to bag- 
asse Under the polarizing microscope these ^ 
"spicules” were seen to rotate polarized light 
This examination brought out many smaller scat- 
tered pieces, with an average diameter of 2 to 8 
microns These structures were seen especially m , 
the fibroblastic reaction of the interstitial tissue of 
the lung Dr B Pearson of the department of 
pathology, who reviewed all these sections, de- 
scribed the second biopsy specimen, taken a week 
later, as follows 

The specimen showed a reaction similar to the first, 
but there were only a few “spicules" and these were of 
the smaller variety previously described They were 
present m areas in which there was an increase in 
fibrous tissue and reacted as bagasse fibers character- 
istically do to polarized light An additional feature 

7 Harrington, D , and Davenport, S J Review of 
Literature on Effects of Breathing Dusts with Special 
Reference to Silicosis, Bulletin 400, United States 
Department of the Interior, Bureau of Mines, 1937 
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was the many large cells with a foamy cytoplasm m 
the alveolar spaces 

The section of lung obtained at autopsy ^ also 
showed a fibroblastic reaction of the interstitial 
tissue Spicules weie not as numerous, but the 
alveolar cells with foamy cytoplasm were laiger 
and more numerous, m some areas filling the 
alveolar spaces 

It appears that particles of bagasse may enter 
the alveolar regions and initiate the reaction 
described and that by digestion or absorption 
through the activity of the cellular response they 
may be remo-ved and a normally functioning lung, 
clear on roentgen examination, remain The 
mechanism of the changes and the natuie of the 
stimulus set up by the bagasse dust to pro- 
duce the cellulai reaction are obscure These 


are the first demonstrations we have seen of this 
reaction in the tissues of a patient with bagasse 
disease The clinical picture, from the striking 
dyspnea to the latei polycythemia, may be ex- 
plained as due to the effects of this reaction and 
the anoxia resultant theiefrom 

SUMMARY 

Eleven cases of bagasse disease of the lung have 
been added to the literature, bringing the total 
number of reported cases to 18 Observations 
of the group disclose a number of constant 
featuies which produce a characteristic clinical 
picture Evidence from histologic study of in- 
volved areas of the lung indicates the presence 
of bagasse dust with a severe and unusual cellular 
reaction, the nature of which has not yet been 
established 



DIFFUSE ISOLATED MYOCARDITIS ASSOCIATED WITH 

DIETARY DEFICIENCY 


LIEUTENANT WILFRED E TORESON "■ 

MEDICAL CORPS, ARMY 


In recent 3’^ears tlieie have appeared in the 
literature many lepoits desciibing unusual cases 
of myocarditis of unknown cause Various 
appelations have been applied to the myocardial 
disease Fiedlei’s myocarditis, diffuse isolated 
myocarditis, myocarditis perniciosa, diffuse 
granulomatous myocarditis and others The 
condition is usually attributed to such causes as 
infections of the upper respiratory tract, influ- 
enza, burns, toxemias and injuries produced by 
various chemicals Magner ^ expressed the 
opinion that obscurity of cause could not be 
consideied as justification for the giouping 
together of these conditions as manifestations of 
a single disease It appeared to him that the 
group IS a heterogenous one, possibly including 
atypical varieties of tuberculous, syphilitic and 
iheumatic myocaiditis as well as certain other 
inflammatory conditions of unknown and prob- 
ably variable causation However, Saphir,^ who 
recently published an extensive review of the 
literature pertaining to myocaiditis, stated the 
belief that "one is justified m accepting the 
occurrence of isolated myocarditis in the sense 
of a more or less diffuse inflammatory lesion if 
every known cause for this type of myocarditis 
is ruled out and if the myocarditis is found in 
the absence of any major pathologic condition 
involving either the endocardium and pericar- 
dium or the entile body ” Lindberg ^ compared 
the myocardial lesions of his patient with the 
serous myocarditis described by Wenckebach ^ 
and otheis and suggested that isolated myo- 
carditis might represent the end stage of beri- 
beri More recently. Smith and Furth ® le- 

* Formerly Fellow m Pathology, Department of 
Pathology, McGill University, Montreal, Canada 

1 Magner, D A Case of Fatal Subacute Myo- 
carditis of Unknown Etiology, Am J M Sc 198 
246, 1939 

2 Saphir, O Myocarditis A General Review, 
with an Analysis of Two Hundred and Forty Cases, 
Arch Path 32 1000 (Dec) 1941, 33 88 (Jan) 1942 

3 Lindberg, K Zur Frage von den sogenannten 
isolierten chromschen Myokarditen, Acta med Scandi- 
nav 95 281, 1938 

4 Wenckebach, K F, cited by Saphir 2 

5 Smith, J J , and Furth, J Fibrosis of Endo- 
cardium and Myocardium wnth Mural Thrombosis, Arch 
Int Med 71.602 (May) 1943 


OF THE UNITED STATES 

ported 3 cases of fibrosis of the endocardium 
and myocardium with muial thrombosis In 
these cases the changes were not attributable to 
arteriosclerosis, hypertension or valvular dis- 
ease There was abundant evidence of dietary 
deficiency, and the question was raised whether 
these changes could represent a variant of 
beriberi heart The case presented here resem- 
bles pathologically those of Smith and Furth 
The disease was associated with a prolonged 
history of malnutrition, and there is evidence 
indicating that dietary deficiency of vitamin B 
,may have been an important etiologic factor 
The case, theiefore, seems worthy of record 

REPORT OF A CASE 

I M , a 15 year old white girl, was admitted to the 
Royal Victoria Hospital, Montreal, on April 10, 1943, 
in a state of severe cardiac insufficiency The family 
history was barren of relevant data At birth the 
patient appeared normal m every way In infancy she 
suffered" from a “weeping eczema,” which disappeared 
completely at the age of 3 years At S she began to 
have a hacking productive cough which was severe in 
winter but mild in summer, thereafter, pharyngitis was 
frequently experienced, gam in weight was retarded and 
loss of color and of strength was progressive At 7 
she was admitted to the Montreal General Hospital, 
suffering from malnutrition and chronic tonsillitis 
Heavy peribronchial shadows seen on roentgen exami- 
nation suggested bronchiectasis, but this diagnosis was 
not further substantiated, and after two months of 
beneficial dietary and general supportive therapy she 
was discharged to a convalescent home m a much 
improved condition In October 1942, at the age of 
14 years, she was again admitted to the same hospital, 
complaining of cough She was a poorly developed 
and malnourished girl who weighed approximately 35 
pounds (15 9 Kg) less than average for her age and 
height Roentgen examination of the chest revealed 
hilar and bronchovascular markings An occasional 
extrasystole was detected, and the second heart sound 
was loud throughout the precordium , the blood pressure 
was 100 systolic and 60 diastolic The electrocardio- 
gram demonstrated an irregularity of sinus origin In 
the first lead the Q R S complex was notched m the 
upstroke There were a slight delay in the conduction 
time and a suggestion of left axis deviation An elec- 
trocardiogram made one week after the first showed 
the same delay m conduction These findings were in- 
terpreted as evidence of an unstable cardiac conducting 
mechanism The hemogram demonstrated a mild anemia 
of secondary type During the seven week period 
of hospitalization there was no fever, and with rest 
in bed, high caloric diet, high vitamin intake and 
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ultraviolet therapy improvement was striking She had 
gained 12 pounds (5 4 Kg ) (about a 20 per cent 
increase over the body weight on admission) when she 
was discharged, in December 1942 
The patient then returned home to continue as nearly 
as possible the hospital regimen which had been so 
beneficial She resumed full activity and returned to 
school in January 1943 Her health remained fairly 
good until March, when she became increasingly 
restless, had frequent headaches, gradually lost weight 
and color and began to vomit occasionally She 
expeuenced mild precordial pain and had dyspnea on 
slight exertion Once or twice she coughed up bloody 
sputum, and on the day of readmission to the hospital 
she had a slight nosebleed 
On her final admission to the hospital, physical 
examination revealed no fever, the pulse rate was 
108 and the respiratory rate 28 per minute The patient 
was restless, dyspneic and pallid There was pediculosis 
capitis The pulse was soft, rapid and regular, and 
the blood pressure was 92 systolic and 70 diastolic 
The heart was enlarged, the point of maximum impulse 



Fig 1 — Electrocardiogram made on April 12, 1943, 
four days before death, showing abnormalities detailed 
m the text 


being palpable 2 cm beyond the left nipple line In 
the apical and pulmonic areas the first heart sound 
was reduplicated but valvular murmurs were not heard 
Both lungs were dull to percussion at the bases, and 
fluid was detected m the abdomen The margin of the 
liver was felt at the level of the umbilicus, and there 
was tenderness to palpation m the right upper quadrant 
of the abdomen The spleen and other viscera were 
impalpable Pitting edema extended from both lower 
extremities over the vulva and the sacral area 

The urine contained a trace of albumin The hemo- 
gram was normal Intradermal tuberculin tests and 
Kahn tests of the blood elicited negative reactions 
Aerobic and anaerobic cultures of blood yielded no 
growth Roentgenography revealed cardiac enlargement 
toward the left, the right margin of the heart was 
indistinct because of increased radiopacity in the lower 
right pulmonary field Throughout the upper part of 
the right and the entire left pulmonary field there was 
a notable increase m detail The electrocardiogram 
showed regular rhythm, a ventricular rate of 90 per 
minute, aunculoventncular conduction time of twenty- 
four to twenty-six hundredths second, left preponderance, 


low Q R S voltage, split Q R S complex and intra- 
ventricular time of sixteen-hundredths second In lead 1 
the T wave was diphasic, m lead IV there were high 
r voltage and elevation of the ST interval (fig 1) 

The clinical diagnosis was congestive heart failure, 
but the nature of the underlying cause was not apparent 
She was given digitalis, restricted fluids and a salt- 
free diet Thiamine hydrochloride was injected intra- 
muscularly in doses of 100 mg, and vitamins B and C 
were given by mouth The rapid pulse and respiratory 
rates continued, and she remained afebrile Occasionally 
she coughed blood-tinged sputum, and frequent use was 
made of the oxygen tent On April 15 she became 
cyanotic, her breathing was labored and she complained 
of severe abdominal pain Death occurred, somewhat 
unexpectedly, on April 16 An electrocardiogram made 
during the last minutes of life showed complete heart 
block (rate 15 per minute) and left bundle branch lesion 
terminating m ventricular fibrillation just before death 
Postmortem Examination — ^Autopsy two and one- 
half hours after death included examination of the 
thoracic and abdominal organs and the brain The 
noteworthy conditions observed were the following 
Gross Examination The body, which measured 
153 cm m length, was that of a poorly nourished girl 
showing early pubertal changes The scleras and the 
skin were pale, and the lips and the oral mucosa were 
cyanotic Greatly distended superficial veins were 
prominent in the neck The rounded, moderately pro- 
tuberant abdominal wall was covered by a thin layer 
of subcutaneous fat, and numerous striae had formed 
in the overlying skin Pitting edema involved both 
lower extremities, the vulva and the sacral area The 
tips of the fingers and toes were cyanotic but were not 
clubbed Within tlie thorax, the heart and pericardial 
sac occupied the greater portion of the transverse 
diameter The pericardial sac contained 75 cc of clear 
yellow fluid , the serous surfaces were free from lesions 
The pulmonary artery, opened in situ, contained only 
an elongated mass of postmortem clot 
The heart (figs 2, 3 and 4) weighed 295 Gm The 
pericardial membrane was everywhere thin and smooth 
All the chambers were moderately dilated, and the 
pulmonary conus was distinctly larger than the aortic 
conus Both ventricular walls were hypertrophied, the 
right measured 6 mm in thickness, and the left, 10 mm 
at the thickest portions The myocardium had a varie- 
gated reddish brown to grayish brown mottled appear- 
ance, and its consistency was soft However, several , 
small irregular gray areas of firm consistency were 
noticeable on the cut edges of both ventricles Near 
the endocardium the myocardium was much grayer and 
firmer than elsewhere The trabeculae carneae and 
the papillary muscles were broad and flat, the pectinate 
muscles were unusually prominent At a site a few 
centimeters from the aortic ring opposite the anterior 
margin of the interventricular septum the myocardium 
of the left ventricle showed a reddish brown area in 
the superficial half of its thickness The circumferences 
of the valves were within normal limits, the leaflets 
and cusps appeared entirely normal The mural endo- 
cardium of the right atrium was moderately thickened 
in a diffuse manner, and some small irregular gray 
patches of slight thickening were visible in the endo- 
cardium of the right ventricle overlying the interven- 
tricular septum Greater and more extensive fibrous 
thickening was present diffusely throughout the endo- 
cardial lining of the left auricle and m wide areas of 
the mural endocardium of the left ventricle, especially 
over the interventricular septum and the anterior wall 
of the ventricle Small gray firmly adherent mural 
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Fig 2 — Photograph showing the right side of the heart and the tricuspid valve The pericardium and 
tricuspid valve are normal The chambers are dilated and the walls hypertrophied The cut edge of the myo- 
cardium IS mottled with irregular gray areas of fibrous scarring The endocardium of the auricle shows uniform 
gray fibrous thickening, while that of the ventricle shows patchy thickening over the interventricular septum 
Several small mural thrombi are visible between the pectinate muscles of the auricle, and a large thrombus mass 
is present at the apex of the right ventricle 



Fig 3— Photograph showing the left side of the heart and the mitral valve, which is normal The endo- 
cardium of the auricle is uniformly thickened, while that of the ventricle shows similar thickening most pro- 
nounced over the flat atrophied trabeculae corneae of the anterolateral ventricular wall Both chambers are 
dilated and hypertrophied The cut edge of the ventricle is mottled with gray areas of fibrous scar tissue most 
prominent just beneath the endocardium 
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Fig 4 — Photograph showing the dilated and hypertrophied left ventricle with mottling of its cut edges by 
fibrous scar tissue The mitral and aortic valves are normal, but the ventricular endocardium is thick and gray, 
especially over the septum and anterolateral wall of the ventricle Several mural thrombi are visible between 
trabeculae carneae near the aortic conus and near the apex 



Fig 5 — Photomicrograph at low magnification of an area of acute myocarditis The infiltration of inflam- 
matory cells extends between the swollen granular muscle fibers In this field the endocardium is only slightly 
affected 
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thrombi were found between the pectinate muscles of 
the right auricle, in the tip of the left auricular 
appendage and between the trabeculae carneae of both 
ventricles The coronary arteries were regular in 
diameter and perfectly patent The aorta showed fatty 
streaks m the abdominal portion Except for distention 
of veins throughout the systemic and portal systems, 
no abnormalities of the blood vessels were detected 
The right and left pleural spaces contained 700 and 
250 cc respectively of slightly cloudy yellow fluid The 
right lung weighed 370 Gm and the left 225 Gm The 
external surfaces and the cut surfaces were dark bluish 
red, and the consistency of the parenchyma was firmer 
than usual m all areas The middle lobe of the right 
lung and the lower lobe of both lungs were almost 


Both ovaries showed small irregular dark red areas 
on the surfaces No abnormalities were noted in any 
other organ 

Microscopic Examination Many sections were taken 
from the walls of all the chambers of the heart, these 
were stained with hematoxylin and eosin and various 
special stains (including Mallory’s stain for connective 
tissue, Verhoeff’s stain for elastic tissue, sudan III, 
Glynn’s stain for bacteria and Custer’s stain for 
granules) No section was free from lesions, although 
the appearance varied greatly in different sections and 
in different fields of any single section The simplest 
lesions were widespread irregular areas of hydropic 
degeneration of heart muscle fibers In cross sections 
the endomysial sheath was distended and contained a 



Fig 6 — Photomicrograph at high magnification of an area of acute myocarditis, showing degenerative and 
early necrotic changes in the muscle fibers and an interstitial infiltration of polymorphonuclear leukocytes and 
red blood cells There is striking proliferation of fibrous tissue in the adjacent endocardium (below) 


hard, and each presented several large wedgelike dark 
red areas which tended to bulge slightly on the external 
surfaces No occlusive lesions were found in any 
pulmonary vessel The bronchial mucosa, although 
smooth and glistening, was rather red The peritoneal 
cavity contained 1,000 cc of slightly turbid yellow 
fluid The liver extended several fingerbreadths below 
the costal margin, weighed 900 Gm and had the 
characteristics of “nutmeg liver” to a marked degree 
The spleen weighed 100 Gm , it was dark blue, exuded 
only a little dark red blood and retained its shape 
when sectioned The right kidney weighed 90 Gm 
and the left 80 Gm Their capsules stripped readily, 
perfectly smooth surfaces being left Section revealed 
hyperemia accentuating the corticomedullary boundaries 


large clear space, at the center of which a swollen, pale, 
rounded nucleus or a shrunken, angular, pyknotic one 
was often seen In less degenerate fibers the myo- 
fibrils were clumped together so as to give a coarsely 
granular appearance Tangential and longitudinal sec- 
tions of muscle fibers showed cross striations even 
when severely affected Another variety of lesion (figs 
' S and 6) consisted of small focal areas of acute inflam- 
mation characterized by pronounced exudation of neu- 
trophilic polymorphonuclear cells and red corpuscles, 
in these areas edema and hyperemia were severe, and 
the muscle fibers stained with variable intensity, some 
appearing necrotic Eosinophilic leukocytes were rarely 
encountered, and lymphocytes, macrophages and multi- 
nucleated giant cells were entirely absent Special stam<= 
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for bacteria failed to reveal any organisms in these 
areas on careful search Almost every section contained 
one or more irregular areas wherein myocardial fibers 
were replaced by rather dense collagenous tissue 
Occasionally an engorged capillary associated with 
small groups of neutrophilic leukocytes, lymphocytes and 
rare macrophages was encountered in these areas (fig 
7) , usually, however, the scars were strikingly acellular 
(fig 8) Often a few bundles of myocardial fibers 
were present m the midst of such a chronic lesion, of 
the individual fibers, some were noticeably hypertrophic 
while others were equally atrophic The nuclei of the 
hypertrophic fibers were enormous, but neither were 
multmucleated cells found in any of these lesions, nor 
was there any necrosis The areas of most abundant 


proliferation However, there was no significant degree 
of narrowing of the lumens 

Microscopic sections of the lungs showed chronic 
passive hyperemia with extremely large numbers of 
red cells and masses of amorphous eosinophilic granular 
material filling the alveoli of many lobules Large 
macrophages were numerous in the alveolar spaces and 
m the bronchovascular supporting tissues, many con- 
tained brown granular pigment, and others were strik- 
ingly vacuolated Perles’ reaction was strongly positive 
for hemosiderin, and sudan III showed the vacuolation 
to be caused by fat globules In such areas there was 
a tendency for fibroblasts to grow into the intra-alveolar 
masses The bronchioles showed a mild chronic inflam- 
mation, with thick basement membranes There was 



Fig 7 —Photomicrograph at high magnification of a subacute inflammatory lesion in the myocardium The 
inflammatory infiltration is composed of polymorphonuclear leukocytes and lymphocytes Multmucleated giant 
cells are lacking There is replacement by fibrous scar tissue of all but a few degenerate and atrophied myo- 
cardial fibers 


scarring were situated in the inner third of the myo- 
cardium and frequently involved the endocardium also 
In every instance, however, such endocardial lesions, 
whether of acute or of chronic character, were related 
to underlying myocardial ones By no means all of 
the endomyocardial lesions were associated with mural 
thrombosis, such thrombi as were found grossly were 
well organized at their points of attachment Masses 
of granular calcium had been precipitated within the 
structure of the largest thrombus (near the apex of 
the right ventricle) Sections of the valves demon- 
strated their integrity In all sections small branches 
of the coronary arteries were intact and patent , in 
larger branches and in both main coronary arteries 
the intima showed an unusual degree of loose cellular 


no evidence of occlusion of pulmonary vessels The 
liver showed severe chronic passive hyperemia and 
contained several small necroses surrounded by an 
exudate composed of polymorphonuclear leukocytes 
The spleen and pancreas showed chronic passive con- 
gestion , the adrenal glands were hyperemic Pronounced 
cloudy swelling and hyperemia were the only altera- 
tions of the kidneys No significant lesions were seen 
in the sections of any other organs, including those 
of the brain 

Pathologic Diagnosis The diagnoses were diffuse 
isolated myocarditis , diffuse fibrosis of the myocardium , 
hypertrophy and dilatation of the heart, mural thrombi 
of the heart (all chambers) , chronic passive hyperemia 
of the lungs, liver, pancreas and spleen, anasarca, 
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ascites, bilateral hydrothorax, malnutrition, chronic dence of valvular endocarditis Cultuies of 

bronchitis , slight lipid pneumonia , fatty streaks of the blood and staining of sections of the heart for 

aorta, pediculosis capitis bacteria did not reveal their presence, and there 

COMMENT were no metastatic pyemic lesions in any organ 

The widespread myocardial lesions which have The patient’s response to mtradermal injection 

been described were undoubtedly responsible for of tuberculin was negative, and there was no 

the death of this patient from heart block and pathologic lesion suggestive of tuberculosis any- 

ventricular fibrillation Although mural thrombi where The Kahn reaction of the blood was 

were present in all chambers of the heart, no negative, and there was no clinical or pathologic 

evidence of pulmonic oi systemic embolization evidence of congenital or acquired syphilis 

was discovered The mild chronic bronchitis Moreover, the myocardial lesions were not 

and slight lipid pneumonia could scarcely have granulomatous Viral, protozoal and helminthic 



Fig 8 — Photomicrograph at low magnification of a large irregular area of scarring in the inner third of the 
myocardium Inflammatory cells are extremely few Some of the remaining muscle fibers enclosed in scar tissue 
show hypertrophy, others are atrophied 

been responsible in any immediate way for death agents could not be even inferentially incrimi- 
All other pathologic conditions were consistent nated Thyroid disease, uremia, poisoning with 
with chronic progressive myocardial insuffi- various chemicals, burns and serum sickness are 

occasionally accompanied by slight inconstant 
The unusual character of the myocarditis is and variable alterations in the myocardium, but 
obvious None of the usual causes of myo- none of these conditions had ever been experi- 
carditis could be detected from the clinical or enced by this patient Periarteritis nodosa may 
pathologic studies The patient had never had be excluded because of the absence of inflamed 
any of the common infectious diseases of child- or appreciably narrowed blood vessels from all 
hood Neither the clinical nor the pathologic the tissues examined No sulfonamide corn- 
studies revealed conditions suggestive of rheu- pounds were ever given to this patient so far as 
matic heart disease Although there was ex- could be determined, hence the possibility that 
tensive mural endocardial involvement in areas the lesions represent an extraordinary example 
overlying myocardial lesions, there was no evi- of the interstitial myocarditis described by 
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French and Weller ® following the use of sulfon- 
amide compounds is, at best, remote Further- 
more, the paucity of eosinophilic polymorpho- 
nuclear leukocytes m the more acute lesions and 
the advanced chromcity of many lesions con- 
stitute a dissimilarity to the myocarditis de- 
scribed by them Disseminated lupus erythema- 
tosus may involve the heart muscle as well as the 
endocardium, but the dermal and systemic 
features of that disease were lacking in this 
instance Thus, all known causes of myocarditis 
having been excluded and the absence of any 
major pathologic condition involving the endo- 
cardium, the pericardium or any other portion of 
the body having been detei mined, the myocardial 
disease described may be classified as diffuse 
isolated myocarditis 

As one consideis the possible etiologic factors 
in this case, three outstanding featui es are 
notable the weeping eczema during infancy, 
the presence of chronic tonsillitis and hionchitis 
with slight lipid pneumonia and the prolonged 
period of malnutrition 

The first deserves mention because the htera- 
tuie contains several reports of isolated myo- 
carditis occuirmg in patients who were being 
treated with arsenical drugs for syphilitic derma- 
titis and with sulfur pieparations for exfoliative 
dermatitis at the time of death In the present 
instance nothing is known of the eczema except 
that after three years it disappeared entirely, 
leaving the patient in apparently unaltered good 
health 

The second feature is reminiscent of Franz’s 
case ^ of an elderly woman who had received 
injections of epinephrine hydrochloride for bron- 
chial asthma ovei a period of many years Such 
cases caused Saphir^ to remaik that the com- 
mon etiologic factor suggested by them is a 
peculiar hypersensitivity to the drugs or chem- 
icals used in treatment The respiratory con- 
ditions of the present patient, however, were 
never so treated, hence, they would seem to 
have played no more than an incidental role 

The third feature, malnutrition, has not often 
been reported The cases of Lindberg ^ and of 
Smith and Furth ® have been mentioned Most 
accounts of beriberi heart describe dilatation of 
the right chambers of the heart, especially of the 
pulmonary conus, and microscopic changes 
which, according to Weiss and Wilkins,® are 
neither constant nor characteristic Recent re- 

6 French, A J , and Weller, C V Interstitial 
Myocarditis Following the Clinical and Experimental 
Use of Sulfonamide Drugs, Am J Path 18 109, 1942 

7 Franz, G Eine seltene Form von toxischer 
Mj okardschadigung, Virchows Arch f path Anat 298 
743, 1937 


ports of experimental thiamine deficiency give 
rather confusing observations Folhs, Miller and 
Wintrobe® found cardiac dilatation without 
hypertrophy and focal and diffuse myocardial 
neciosis in pigs dying of thiamine deficiency, in 
animals which had passed through several epi- 
sodes of severe thiamine deficiency, scars mark- 
ing healed neciotic lesions were found The 
similarity of the lesions to those in some cases of 
Fiedler’s myocaiditis was pointed out By 
utilizing a diet adequate in all known respects 
except for an extremely low content of potassium, 
Folhs, Orent-ICeiles and McCollum produced 
m rats neciosis of myocardial fibers followed by 
scaning Later, Folhs was able to prevent 
the development of such necroses by feeding 
diets which were also deficient in thiamine 
Thomas, Mylon and Winternitz studied vita- 
min B and potassium deficiency in rats and hogs 
They found myocaidial lesions characterized by 
necrosis of muscle fibers and pronounced cellular 
infiltration , no evidence emphasized one or other 
factor as piimarily requisite for cardiac injury 
Further investigation showed that deficiency of 
vitamin Bo when coupled with deficiency of 
potassium produced cardiac damage m rats but 
that deficiencies in either thiamine or riboflavin 
together with potassium deficiency produced no 
significant changes It is noteworthy that Folks 
and co-workers ° found no pathologic changes in 
the hearts of pigs killed at a time when no clin- 
ical or chemical evidence of thiamine deficiency 
was demonstrable or in animals dying as a result 
of other types of vitamin deficiency or in animals 
in which inanition alone was produced Sykes 
and Alfredson found electrocardiographic ab- 
normalities in calves fed for long periods on diets 
deficient in potassium, and Sykes and Moore 

8 Weiss, S , and Wilkins, R W The Nature 
of the Cardiovascular Disturbances in Nutritional De- 
ficiency States (Beriberi), Ann Int Med 11 104, 1937 

9 Folhs, R H , Miller, M H , Wintrobe, M M , 
and Stem, H J Development of Myocardial Necrosis 
and Absence of Nerve Degeneration in Thiamine De- 
ficiency in Pigs, Am J Path 19 341, ' 1943 

10 Folhs, R H , Orent-Keiles,.E , and McCollum, 
E V Production of Cardiac and Renal Lesions in 
Rats by a Diet Extremely Deficient m Potassium, 
Am J Path 18 29, 1939 

11 Folhs, R H Myocardial Necroses m Rats on 
a Potassium-Low Diet Prevented by Thiamine Defi- 
ciency, Bull Johns Hopkins Hosp 71 235, 1942 

12 Thomas, R M , Mylon, E , and Winternitz, M C 
Myocardial Lesions Resulting from Dietary Deficiency, 
Yale J Biol & Med 12 345, 1940 

13 Sykes, J F , and Alfredson, B V Studies on 
the Bovme Electrocardiogram, Proc Soc Exper Biol 
& Med 43 575, 1940 

14 Sykes, J F , and Moore, L A Lesions of 
Purkmje Network of the Bovine Heart as a Result 
of Potassium Deficiency, Arch Path 33 467 (April) 
1942 



TORESON— MYOCARDITIS AND DIETARY DEFICIENCY 


383 


reported degenerative lesions in the Purkinje 
fibers of those calves, no lesions were found 
elsewhere in the m3^ocaidium Vaiious authors 
ha^e suggested that ovei ti eatment of Addison’s 
disease with adienal cortex piepaiations might 
so lowei the serum potassium level as to pi oduce 
myocardial lesions similai to those found experi- 
mentally in studies of potassium deficiency, but 
refeiences to such lesions have not been found 
That potassium deficiency due to defective diet 
alone might occui in man seems unlikely in view 
of the widespread occui rence of that element m 
almost all foods consumed by man 

The existence of deficiency of any specific diet- 
ary factor in the present case cannot be proved, 
but the repeated diagnosis of malnutrition on the 
patient’s several admissions to the hospital estab- 
lished beyond doubt the fact of an inadequate 
diet Moreover, the patient’s excellent response 
to high vitamin B intake, high caloric diet and 
other supportive measures during her second 
stay 111 the hospital further indicates the proba- 
bility of vitamin deficiency On her last admis- 
sion the patient received large doses of thiamine 
intramuscularly and by mouth without notice- 
able benefit , this is contrary to the usual experi- 
ence when the diagnosis of beriberi heart has 
been made It is reasonable to suppose that a 
heart so badly damaged as that of the present 
patient could not respond m the usual satisfactory 
way The acute and chronic nonmfective myo- 
carditis encountered m this case resembles closely 
the myocardial lesions of experimental thiamine 
or potassium deficiency as described by the 
investigators already cited While there is no 
electrocardiogi aphic or chemical evidence in the 
present case either favoring or denying the 
remote possibility of potassium deficiency, the 

IS Ferrebee, J W , Ragan, C , Atchley, D W , and 
Loeb, R F Desoxycorticosterone Esters Certain 
Effects in the Treatment of Addison’s Disease, J A 
M A 113 1725 (Nov 4) 1939 Folks n 


clinical evidence is such as to indicate not only 
the possibility but the probability of vitamin 
deficiency Since it is possible to exclude with 
considerable certainty all of the other etiologic 
factois hitherto mciiminated m cases of isolated 
myocarditis, there appear to be good giounds for 
casting something more than meie suspicion on 
deficienc}^ of thiamine as the pimcipal etiologic 
factoi in the piesent instance of diffuse isolated 
myocaiditis, since this is the one dietary factor 
deficiency of which has been shown expeii- 
mentally to be capable of producing similar 
caidiac lesions 

summary 

A 15 3^eai old girl who had a histoiy of pio- 
longed malnuti ition died of diffuse isolated myo- 
carditis Heart disease was known to have 
existed for at least six months before death 
Severe failure of the right side of the heait was 
progressive , left bundle branch lesion, heart block 
and ventricular fibrillation preceded death 

The heart showed dilatation and hypertrophy, 
with acute, subacute and chronic, noninfec- 
tive inflammatory lesions diffusely distributed 
throughout all parts of the myocardium These 
lesions were most extensive in the inner third 
of the myocardium, and in places they encroached 
on the endocardium Mural thrombi were found 
m both auricles and in both ventricles 

None of the etiologic agents usually incrim- 
inated in cases of isolated myocarditis was a 
factor in this instance The possibility that the 
myocardial lesions may have been incited by 
prolonged dietary deficiency is suggested by the 
history of prolonged malnutrition and by the 
resemblance of the lesions to lesions experi- 
mentally produced as desciibed in recent litera- 
ture Deficiency of thiamine is particularly 
suspected . 

Dr G Lyman Duff assisted in the study of this 
case and m the preparation of the manuscript 
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Cardiac arrest due to an increase in the potas- 
sium of the serum to toxic levels has not been 
demonstrated in uremic patients who have main- 
tained a large volume of urine up to the time 
of death On the other hand, it has been shown 
that such arrest does occur regularly in dogs 
with ligated ureters Cardiac arrest by the action 
of potassium was also obsen'^ed in 2 patients 
with oliguria and anuria complicating severe 
nephritis ^ One of these patients had spontaneous 
elevation of the potassium of the serum to a level 
almost as high as that present at death As each 
patient had received additional potassium salts, 
it was not possible to attribute death exclusively 
to the type of spontaneous potassium intoxication 
observed in dogs with experimental anuria 

In the cases to be described here potassium 
intoxication resulted from oliguria and failure 
of renal excretion No potassium was given 
other than that contained in the diet and in the 
blood which was transfused into the first patient 
The second patient did not have a blood transfu- 
sion and took no food during the week before 
death For each patient the electrocardiograms 
and the levels of potassium of the serum imme- 
diately before death were comparable to those 
previously observed in association with fatal po- 
tassium intoxication in dogs ^ and in man ® 

REPORT OF CASES 

Case 1 — History — A housewife aged 24 entered the 
hospital because of nausea and vomiting Eleven years 
before, after an appendectomy, a diagnosis of renal 
ptosis was made and fixation of the left kidney carried 
out at another hospital A month later, and repeatedly 
thereafter, a perirenal abscess was drained from the 
left flank In the intervals between recurrences of 
the abscess there was continued pyuria, but the patient 
was otherwise well Three weeks before admission a 


From the Medical Clinic of the Peter Bent Brigham 
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cology of the Harvard Medical School 

This work was done under the auspices of the 
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1 Hoff, H E , Smith, P K , and Winkler, A W 
The Cause of Death in Experimental Anuria, J Clin 
Inv^tigation 20 607 (Nov) 1941 
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cystoscopic examination was performed at a local hos- 
pital because of sudden hematuria The retrograde 
pyelogram of the right side appeared normal, but a 
catheter could not be inserted in the left ureter, and 
phenolsulfonpthalem was not excreted by either kidney 
After another recurrence and drainage of the abscess, 
the patient returned home, but suffered from epistaxis 
and increasing dyspnea with palpitation Two days 
before the present admission pain appeared for the 
first time in the right costovertebral angle This was 
accompanied by nausea, vomiting and abdominal dis- 
tention There was severe headache with vertigo The 
face, hands and feet became swollen, and there was 
pronounced oliguria, with dark urine 

Examination — ^The patient appeared ill and confused 
Respirations were rapid and deep, and the breath was 
unmferous The mucous membranes were pale, and 
the skin was yellow, dry and scaly There were pitting 
edema to the waist and puffiness of the face and hands 
Only minimal changes were present in the optic fundi 
The lungs were free from rales The heart was en- 
larged A loud, blow'ing systolic murmur was heard at 
the apex The , systolic blood pressure measured 130 
mm of mercury and the diastolic 100 mm, and the 
venous pressure was ISO mm of water The abdomen 
was distended, and a draining sinus was present in 
the left flank The neurologic examination revealed 
nothing abnormal save for a weakly positive Chvostek 
sign 

Laboratory Data — During eleven days in the hospital 
the hemoglobin (method of Schales) increased from 
6 2 to 6 9 Gm per hundred cubic centimeters, after 
transfusions The white blood cell count ranged from 
7,000 to 13,000 The blood smears and differential 
counts were not remarkable. The urea nitrogen of 
the blood rose from 107 to 166 mg , and the nonprotem 
nitrogen from 155 to 208 mg , per hundred cubic centi- 
meters The protein content of the serum increased 
from 7 to 79 Gm per hundred cubic centimeters On 
the fourtli day it was 6 6 Gm , of which 2 9 Gm was 
albumin and 3 7 Gm globulin The fasting blood sugar 
was 143 mg per hundred cubic centimeters The 
carbon dioxide content of the plasma ranged from 129 
to 21 5 millimols per liter, and was 15 9 millimols per 
liter on the day of her death On the second day the 
calcium of the serum was 4 5 milliequivalents per liter , 
the phosphorus, 3 3 millimols per liter, and the sodium, 
129 milliequivalents per liter Five specimens of urine 
were collected The reaction was alkaline, the specific 
gravity was 1 010 , the reaction for albumin was 3 
plus, and many red and white cells and occasional 
casts were present A heavy growth of Bacillus coli 
was cultured from the urine, and a mixed grojvth of 
Staphylococcus aureus and Streptococcus haemolyticus 
B was obtained from culture of material from the 
wound in the left flank 

Course — ^The oral temperature reached 100 F during 
the first week and then fell The pulse rate remained 
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near 100 a minute, and the respiratory rate decreased 
from 30 to 20 a minute The blood pressure did not 
change appreciably An electrocardiogram on the 
second day was normal except for low voltage (fig 
I A) There were continued nausea, vomiting, restless- 



Fig 1 (case 1) — Electrocardiographic changes pre- 
ceding cardiac arrest by action of potassium poisoning 
Ten days before death tracings from the standard leads 
were normal except for low voltage (A) An hour and 
a half before death intraventricular block was pro- 
nounced, with curves of the right bundle branch block 
type, and the heart rate was 94 a minute (5) A 
continuous tracing recorded a succession of changes, 
arrest of the auricles, with loss of P waves and 
persistence of regular rhythm (C, D and E) , a dropped 
beat (F), and, finally, increasing intervals of asystole, 
during which the complexes appeared in groups of 
two or three (G) 

In this figure, and in the accompanying figures, the 
initial tracings were recorded on a Sanborn “Cardi- 
ette,” and the continuous electrocardiograms, on an 
apparatus designed by Dr W B Likoff, graduate 
assistant in medicine at the Peter Bent Brigham Hos- 
pital, and Mr M B Rappaport, research engineer, 
Sanborn Instrument Co , Cambridge, Mass (Am 
Heart J , to be published) Each full strip on the 
figure represents six seconds Standardization of de- 
flections A and B, 1 cm = 1 millivolt , C to G, 2 cm 
= 2 millivolts On each record, the number of the 
lead IS in the upper right corner, and the time before 
death, at the center 

ness and confusion Peripheral edema slowly increased, 
and bilateral hydrothorax and pericardial effusion devel- 
oped Involuntary twitching of the extremities occurred 
during the last four days of life Digitalis was given, 
together with small amounts of dextrose and isotonic 
solution of sodium chloride by intravenous injection 
With increasing edema and evidence of pulmonarj con- 


gestion, injection of the saline solution was discontinued, 
and thereafter, for six days, the fluid intake by mouth 
amounted to about 1 liter a day A total of 280 cc of 
blood was given in four small transfusions, each trans- 
fusion being terminated by an attack of dyspnea and 
substernal oppression The output of urine averaged 
70 cc a day for five days, it then decreased and was 
virtually zero for three days On the last day the 
patient became apprehensive and said she was dying 
The twitching had increased, and she stated that she 
"felt funny all over ” Although restless, she could 
remain quiet during examinations and was able to 
follow instructions The eyes were prominent and 
rolling, and there were variations m the level of 
awareness Consciousness was not lost until a few 
moments before death, when the heart beat had become 
infrequent and irregular Respiration continued beyond 
the time when effective cardiac contractions occurred, 
and It ceased as a result of pulmonary edema two 
minutes before the final cessation of cardiac activity 
The continuous electrocardiogram showed a three 
minute period of restoration of regular rhythm, accom- 
panied by a palpable peripheral pulse, forty-four seconds 
after the beginning of a slow intravenous injection of 
calcium gluconate (figs 1, 2 and 3) 

Autopsy — ^The heart weighed 460 Gm It had stopped 
in diastole and was distended with blood There were 
a thick, yellow, fibrinous deposit on the visceral and 
the parietal pericardium and an effusion of 400 cc of 
clear reddish fluid in the pericardial sac A postmortem 



Fig 2 (case 1) — Effect of calcium (lead I) The 
periods of asystole increased to as long as nine seconds, 
and the duration of the complexes was greatly pro- 
longed (H) The direction of the complexes varied 
with changes in the degree of block in conduction on 
the two sides of the heart (/, 7 and K) Regular 
rhjtlim was resumed after the intravenous injection of 
calcium gluconate (L, AI and N) 
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roentgenogram of the heart showed no intracardiac 
calcification, and microscopic sections showed no evi- 
dence of vascular disease or myocardial infarction 
The lungs were edematous but not consolidated Their 
respective weights were 680 and 520 Gm The left 
kidney was 'Small and inseparable from a mass of scar 
tissue adherent to the vertebrae It was composed of 
multiple loculi of purulent and necrotic material, each 
one continuous with the draining sinus in the left 
flank The remains of a dilated renal pelvis communi- 
cated with a ureter occluded by fibrous tissue neai 
the hilus of the kidney The right kidney weighed 
300 Gm The capsule stripped easily On cut section 
it appeared blood streaked and edematous Micioscopic 
examination re\ealed subacute glomerulonephritis A\ith 
involvement of all the glomeruli in varying degrees 
ffig 4) 
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Fig 3 (case 1) — Final stages of arrest (lead I) 
The overlapping complexes (0 and P) gave the ap- 
pearance of a circus movement, but each impulse was 
actually separate, as seen in (Q), where the overlap 
was eliminated by slowing of the rate from 90 to 50 a 
minute At the moment that pulmonary edema pre- 
vented further respiration there was struggling (R), 
followed by a few terminal microsystoles (S' and T) 
and final cardiac arrest (17) 


Case 2 3 — Htstoiy — A labor union secretary, aged 
41, entered the hospital because of drowsiness and 
headaches Ten years previously he had passed a life 
insurance examination, at that time, however, he was 
beginning to feel below par, and a diagnosis of hyperten- 
sion and Bright’s disease was made at another hospital 
Thereafter, he had had nocturia for several years, fre- 


3 The study of this case was made possible through 
Dr James P O’Hare 


quent headache and vomiting for two years and failing 
vision, muscular twitching and decline in weight, from 
235 to 178 pounds (1066 to 807 Kg), for six months 
For a month he had also had episodes of dyspnea on 
exertion, paroxysms of nocturnal dyspnea and occa- 
sional nosebleed The face appeared slightly puffy, and 
there was itching of the skin Mental confusion became 
evident in the last week of life At the time of admis- 
sion theie were epistaxis, of several hours’ duration, 
headache and pain in the chest 

Examination — The patient was large and ruddy He 
appeared drowsy and confused The skin was 
telangiectatic over the cheeks and dry and yellow in 
general A powdery scale was present about the eves 
and over the arms There vvms a stare characteristic of 
nephritis In the optic fundi the nerve disks were 
elevated and indistinct The retinal arteries were narrow 
and tortuous and compressed the veins at intersections 
There were retinal scars, patches of exudate and 
hemorrhages in all stages Visual acuity was 20/200, 
and newsprint was not distinguished at close range 
Dentition was poor, the tongue was brown and furry, 
and the mucous membranes were pallid A few moist 
rales were heard over the lower posterior field of 
both lungs The heart was enlarged, and the aortic 
second sound was loud and ringing The blood pressure 
was 225 systolic and 190 diastolic The abdominal 
organs were not palpable There was muscular twitch- 
ing of the extremities 

Labotatory Data — On admission the red cell count 
was 3,600,000, and the white cell count, 10,000 per 
cubic millimeter, with a normal differential count The 
hemoglobin decreased in five days from 11 3 to 97 Gm 
per hundred cubic centimeters (Schales) On the 
second day tlie nonprotein nitrogen of the serum was 
258 mg per hundred cubic centimeters, and the total 
protein, 7 4 Gm per hundred cubic centimeters, of 
which 3 8 Gm was albumin and 3 6 Gm globulin 
The urea nitrogen of blood on the fifth day measured 
163 mg per hundred cubic centimeters The chloride 
of the serum was 96 milhequivalents per liter on the 
second day , the calcium of the serum measured 4 
millimols per liter on the second day and 3 7 millimols on 
the fifth day The specimens of urine were yellow and 
acid on the first three days and were alkaline and 
brownish or bloody thereafter The specific gravity was 
fixed at 1 010, and the urine gave a 2 plus reaction 
for albumin and contained numerous red cells, a few 
white cells and rare hyaline or granular casts There 
were occasional small blood clots 

Course — The patient lived ten days after admission 
but vomited repeatedly and was unable to take food He 
was sufficiently lucid to recognize persons and converse 
until the last day, but was continually confused and 
restless An electrocardiogram on the fourth day indi- 
cated a left axis deviation The pulse rate was between 
90 and 100 a minute, and the blood pressure remained 
constant The respiratory rate was 20 a minute The 
intake of fluid was between 1,100 and 1,600 cc a day, 
most of which was given as 5 per cent dextrose by 
clysis The volume of urine averaged 660 cc a day 
for a week and then decreased to about half that amount 
In the last four days the bladder was emptied by 
catheterization because of failure to void During this 
interval there were periods of profound drowsiness, 
with intermittent respiration Fourteen hours before 
de^th there was a uremic frost A succession of changes 
appeared in the electrocardiogram (figs 5, 6 and 7), 
and the patient gradually lapsed into an unresponsive 
state, during which he squirmed about, fumbled with 
his hands and muttered repetitious syllables with each 
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breath The Cheyne-Stokes respiration continued, but 
the blood pressure did not fall until increasing intervals 
of asystole had appeared on the electrocardiogram, just 
before final cardiac arrest In the last hours of life 
the heart sounds had become faint, prolonged and swish- 
ing The skin was moist, but there was no venous dis- 
tention or edema Four minutes before the last electrical 
impulse was recorded no peripheral pulse could be 
felt, and the blood pressure could not be measured 
Respiration ceased two minutes later 
The table gives values for potassium in the 2 cases 


Results of Determinations of Potassium in Two Cases 


of Uremia* 


Value 

Source 

mEo Hi 

Case 1 


Serum 20 mm before death 

9 2 

Serum from heart blood at death 

98 

Spinal fluid at death 

4 5 

Pericardial fluid at death 

90 

Case 2 


Serum 6 days before death 

58 

Serum 13% hr before death 

88 

Serum 3% hr before death 

92 

Serum from heart blood at death 

101 

Spinal fluid at death 

45 

Pericardial fluid at death 

88 

Urine 6 days before death 

52 5 

Urine 1 day before death 

49 8 

Urine from bladder at death 

62 5 

Total potassium excreted m urme 


315 cc 5 days before death 16 5 mEq 

(0 064Gm')/24 hr 

300 cc 1 day before death 14 9 mEei 

(0 058Gm )/24hr 

65 cc last day of life 3 4 mEa 

CO 013 Gm )/ll hr 


* Specimens of blood were collected under oil, and the serum 
'was separated at once No hemolysis occurred The analyses 
for potassium were made by Dr A W Winkler, of the depart- 
ment of medicine Tale University accordiuK to Hald’s modift 
cation of the chloropiatinate method of Shohl and Bennett 
(Hald, p M Determination of the Bases of the Serum and 
Whole Blood J Biol Ohem 103 471 fDec 1 1933) To convert 
miliieqmvalents of potassium per liter to millmrams per hun 
dred cubic centimeters the value for the former is multip’ied 
by 3 9 


COMMENT 

In each of these cases the development of a 
high concentration of potassium in the serum was 
associated with failure of renal excretion suffi- 
cient to produce other evidence of azotemia as 
well This was represented m the first case by 
the evidence of loss of chloride, sodium and cal- 
cium and by letention of phosphate and nitrog- 
enous substances The oliguria, and finally the 
anuria, of the last two weeks of life was the 
result of glomerulonephritis involving the re- 
maining right kidney, apparently a complication 
of the infection with Str haemolyticus B in the 
left flank There was no indication of any toxic 
effect from potassium until after this interval of 
ohguiia, and it is evident that there was no sig- 
nificant failure in excretion of potassium until 
after failure of water excretion had begun Not 
even the earliest effect of an increase in the 
potassium of the serum, which is a heightening 
of the T wave,^ had appeared until after the vol- 

4 Thomson, WAR The Effect of Potassium on 
the Heart m Man, Bnt Heart J 1-269 (Oct ) 1939 


ume of urine had decreased As extrarenal ex- 
cretion of the substance is negligible, the failure 
of excretion of potassium was shown in case I 
by the progression from oliguria to virtually com- 
plete anuria and m case 2 by the presence in the 
urine of only a small fraction of the amount of 
potassium normally excreted by the kidney 

The three sources from which the high con- 
centration of potassium m the serum appears to 
have been derived were (a) diet, (b) red cells 
introduced by transfusion of blood and (c) tissue 
metabolism Of these, the last in itself has regu- 
larly sufficed to cause death of animals with ex- 
perimental anuria ^ There was no evidence that 
any unusual amount of intracellular potassium 
was liberated as a result of destruction of the 
patient’s body tissues 

In the second case the elevated level of potas- 
sium appears to have been derived largely from 
tissue metabolism, since no transfusion was given 
and no food was taken in the last week of life 
The course in this respect was comparable to 
that of anuric dogs which die of potassium intoxi- 
cation even m the absence of any dietary intake 
The couise differed in that the suppression of 
potassium excretion was more gradual and there 
was no complete cessation of water excretion 

It has not been possible to demonstrate by 
chemical methods alone that potassium may be 
an actual cause of death from uremia in man 
However, toxic effects from impaired excretion 
of potassium and the resulting high levels in the 
blood have been suggested by a series of ob- 
servers, and the earlier data on the frequent 
tendency to retention of potassium in patients 
with renal disease have been currently reviewed 
and amplified ^ 

Symptoms attiibuted to high levels of potas- 
sium m the serum include the paresthesia and 
weakness which were experienced in case 1 and 
which have been reported to follow large oral 
doses of potassium salts There was no evi- 
dence that the persistent vomiting in the 4 re- 
ported cases of fatal potassium intoxication was 
caused by potassium, although the authors also 
observed vomiting m intact dogs killed by the 
slow intravenous infusion of solutions of potas- 
sium chloride The flaccid quadriplegia which 
accompnaied fatal potassium intoxication in 2 
instances ^ did not occur in these cases, and the 
actual role of potassium m relation to such paral- 
ysis remains obscure In each case a disturbance 
m the level of other electrolytes and metabolites 
in the blood also contributed to the symptoms, 

5 Keith, N M , King, H E , and Osterberg, A E 
Serum Concentration and Renal Clearance of Potassium 
m Se\ere Renal Insufficiency m Man, Arch Int 
Med 71 675 (May) 1943 
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and in the 2 cases cited here the tetanic effect of 
hypocalcemia may have counteracted any ten- 
dency to flaccid paralysis or loss of tendon re- 
flexes 

•L "dSleither in experimental animals nor in man 
does the effect of potassium on the heart result 
in signs or symptoms of circulatory failure until 


the sequence of electrocardiographic changes 
alone is sufficiently specific to serve as a basis 
for the selection of cases in which chemical stud- 
ies should also be made^*^ 

The significant features of the electrocardio- 
grams shown here include elevations and rapid 
variations in the height of the T waves, changes 



Fig 4 (case 1) — Right kidney There are numerous fibrous adhesions between the glomerular tufts and 
Bowman’s capsule, as well as between individual tufts The tubules are separated by diffusely increased inter- 
stitial connective tissue The tubular epithelium is atrophic Varied amounts of precipitated protein are seen m 
the lumens Phloxine-methylene blue , X 150 


just before cardiac arrest ■' The diagnosis must 
therefore be established by a demonstration of 
the characteristic changes in the electrocardio- 
gram, accompanied by sufficientl}'^ great elevation 
in the level of potassium in the serum -^However, 


in the amplitude of the R waves and pauses rep- 
resenting momentary arrest of the sinoauricular 
node Shortly before final cardiac arrest there 
were loss of Px waves, due to auricular arrest, 
idioventricular rhythm and a pronounced delay 






MARCHAND-FINCH— POTASSIUM 

of conduction in the ventricles, with variations m 
the relative degree of block on the two sides of 
the heart The progression of block in ventricu- 
lar conduction was associated with increase in 
the voltage of the deflections, elevation of the 



Fig 5 (case 2) — Serial electrocardiograms m a case 
of potassium intoxication A control tracing of the 
- four standard leads six days before death showed an 
inverted wave and left axis deviation {A) Changes 
m the fourteen hours preceding death (5, C, D and 
E) included the development of intraventricular block, 
\ with curves of the right bundle branch block type and 
' a progressive increase in the duration of the individual 
deflections and the complexes as a whole There were 
variations in voltage and a decrease in the amplitude 
of the R waves, accompanied by a notable increase in 
the height of the T waves Deflections in lead IV 
finally exceeded the width of standard electrocardio- 
graph paper Auricular arrest is indicated by the 
gradual depression and loss of P waves 
In A, 1 cm = 1 millivolt, in R to £, 3 cm = 1 S 
millivolts 

, portion of the complexes derived from the T 
waves, displacement of the portions derived from 
the S-T segments, overlapping between successive 
complexes and between portions within the com- 
plexes and transition from sharp to smooth and 
flowing contours Altogether, in these 2 cases 
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the ventricular complexes increased in duration 
from three-tenths and four-tenths second respec- 
tively ten and six days before death to three- 
fourths second or more at the time of arrest The 
changes in the standard leads (figs 1 B and C 
and fig 5) were of the type interpreted accord- 
ing to Wilson’s criteria as evidence of right bun- 
dle branch block, but did not result from disease 
of the coronary arteries to which such changes 
are frequently attributed Continued, but slow, 
circulation of the blood m the moment prior to 
cardiac arrest was shown in case 1 by the effect 
which became apparent forty-four seconds after 
the beginning of an intravenous injection of cal- 
cium gluconate The calcium ions temporarily 
restored a regular rhythm and normal rate Such 
electrocardiographic changes as would have re- 
sulted from the pericarditis with effusion were 



Fig 6 (case 2) — Stages preceding cardiac arrest 
Lead I, m the last twelve hours of life, showed 
prolonged, overlapping complexes (F) , momentary 
pauses of the sinoauncular node prior to auricular 
arrest (G) , changing block, with rapid variations in 
the R, S and T waves (H), and an amplitude of the 
T waves finally exceeding that of the R waves (/) 
Twenty minutes before death there appeared increasing 
intervals of arrest, during which the P waves appeared 
to be depressed and then lost and complexes began to 
appear singly and in small groups (/, K, L and M) 
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entirely masked by the more striking effects of 
potassium intoxication 

The concentrations of potassium in the serum 
of 9 8 and 10 1 milhequivalents per liter m the 2 
cases represent an increase to an amount twice 
that normally present This level is m the lower 
portion of the range of values at which cardiac 
arrest has been observed m experiments on dogs ^ 
It may be compared with the previously reported 
level for man of 8 85 milhequivalents per liter 
reached spontaneously and 10 5 milhequivalents 
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Fig 7 (case 2) — Arrest of heart (lead I) There 
was a momentary reappearance of P waves five minutes 
before cardiac arrest, at a time when the rhythm was 
regular and the rate, 40 per minute (N) Maximal 
spreading is seen in the •single and paired terminal 
complexes, which appeared at regular, but infrequent, 
intervals during the last minutes of life (0, P, Q and 
R) The last impulse continued as a circus movement 
for slightly over a minute before becoming exhausted 
{S, T and U) 


per liter at death - The 9 and 8 8 milhequivalents 
per liter for the pericardial fluid may represent a 
lower level for the serum while the effusion was 
forming The level of 4 5 milhequivalents per 
liter for the spinal fluid in the 2 cases differs 


from the levels for the serum but is higher than 
the amount ordinarily present 
In 2 previously described cases of potassium 
intoxication,^ and in the first of the 2 cases de- 
scribed here, consciousness was retained until ' 
immediately before death Our second patient 
had become stuporous m his final hours, ap- 
parently as a result of administration of barbit- 
urates In all 4 cases an abrupt circulatory failure 
preceded the cessation of respiration and m the 
3 cases in which autopsy was done the heart had 
stopped m diastole In our last case the heart 
was sufficiently dilated to permit the collection of 
a large specimen of blood The cause of the 
renal failure was severe nephritis in all but the 
last case, in which it was malignant nephroscle- 
rosis As there is no indication that potassium 
intoxication is a specific effect of these diseases, 
it may also be expected to occur in association 
with advanced renal failure from other causes 

SUMMARY 

✓ Fatal spontaneous potassium intoxication oc- 
curred m 2 cases of uremia with renal failure and 
oliguria The failure in excretion of potassium 
resulted in an increase m the concentration of 
potassium in the serum to 9 8 and 101 milhequi- 
valents, while the concentration in the pericardial 
fluid was 9 and 8 8 miliequivalents and that in the 
spinal fluid 4 5 milhequivalents per liter at death 
Serial electrocardiograms showed the charac- 
teristic changes leading to cardiac arrest by the 
action of potassium, including evidence of auricu- 
lar arrest and progressive delay of conduction m 
the ventricles The symptoms were those usual 
with uremia Consciousness persisted up to the 
time of death in the first case, but became clouded 
in the second case In the first case the intra- 
venous injection of a solution of calcium gluco- 
nate resulted m transient lestoration of regular^ 
rhythm The cessation of respiration m each 
case was preceded by circulatory failure, and 
there was evidence that the heart was arrested in 
diastole 

Dr Alexander Winkler made the analyses for 
potassium, and Dr William B Likoff gave us the use of 
his continuously recording electrocardiograph 

Peter Bent Brigham Hospital 

6 Arden, F Experimental Observations upon 
Thirst and on Potassium Overdosage, Australian J 
Exper Biol & M Sc 12 121 (Sept ) 1934 Keith, 
N M , Osterberg, A E , and Burchell, H B Some 
Effects of Potassium Salts m Man, Proc Staff Meet, 
Mayo Clm 17 49 (Jan 28) 1942 , Ann Int Med 16 
879 (May) 1942 Thomson 


VITAMINS A, B AND C IN DIABETIC CHILDREN 

HERMAN O MOSENTHAL, MD, and WINIFRED C LOUGHLIN, MD 

NEW YORK 


The results of an investigation made in the 
summer of 1941 on the vitamin status of the 
diabetic children at the summer camp of the New 
York Diabetes Association have been reported ^ 
In 1942 the observations were repeated because it 
was felt that the first effort was fragmentary and 
that a more satisfactory and complete survey 
could be accomplished with an increase in labora- 
tory personnel and equipment and with improved 
methods In the present paper the results ob- 
tained in the second study are reported 

CLINICAL MATERIAL 

One hundred and fourteen juvenile diabetic subjects 
from 6 to 18 years of age, except for 2 aged 20 
and 26 respectively, were studied They were about 
equally divided as to sex The children came in four 
successive groups during July and August 1942, each 
group spending two Weeks at the camp They were 
largely patients of the diabetes clinics in Greater New 
York, though a few were referred by individual 
physicians Except for diabetes they had no physical 
ailments A medical history was taken of each child, 
in which were recorded the duration of the disease, 
the success achieved in control of the diabetes, the 
dose of insulin, the diet prescribed and the growth 
status Daily checks were made on the urine, the 
physical condition, the diet and the dose of insulin 
while the child was at the camp The data were then 
correlated with the results of the vitamin determina- 
tions Eleven normal young adults, members of the 
camp staff, served as controls 

METHODS 

The clinical criteria for deficiency were those gen- 
erally accepted Vitamin A deficiency was diagnosed 
by inspection of the epithelial tissues (xerosis conjunc- 
tivae and keratosis pilaris) Thiamine (vitamin Bi) 
deficiency was considered to be present if chronic 
fatigue, diminished intensity or absence of the ankle 
or the knee jerk, tenderness of the muscles of the calf 
or sensory disturbance (alteration in touch, pain or 
vibratory sense) was demonstrated , chronic fatigue 
alone was not regarded as warranting a diagnosis of 
vitamin Bi deficiency Ariboflavmosis was revealed by 
tlie presence of scaly blepharitis, cheilosis or smooth- 
ness of the tongue, with or without denudation The 

From Camp Nyda, conducted by the New York 
Diabetes Association, Inc 

This study was aided by a grant from the Ella 
Sachs Plotz Foundation 

kir Felix Morgenstern donated a photoelectric 
colorimeter for use in the determinations 

1 Freston, J M, and Loughhn, W C Vitamin 
Deficiencies m Diabetic Children, New York State J 
Med 42 1833-1837 (Oct 1) 1942 


diagnosis of avitaminosis C on the basis of physical 
signs proved unsatisfactory The adequacy ot the 
Rumpel-Leede tourniquet test has been discredited in 
recent publications, in our experience the results of 
the test did not parallel the occurrence of “chemical 
scurvy” None of our patients had clinical evidence of 
scurvy Gums which were swollen or bled easilv were 
prevalent, and it was impossible to be certain whether 
poor dental hygiene or lack of vitamin C was respon- 
sible for these abnormalities 

The amounts of carotene and vitarmn A were deter- 
mined with the Klett-Summerson photoelectric colori- 
meter The method was based on the Clausen-McCord 
extraction and the Carr-Pnce reaction, the modifica- 
tion by Sinay ^ will be published elsewhere The speci- 
mens were protected from light from the time of 
venipuncture to the final reading Four cubic centi- 
meters of plasma was extracted, the carotene content 
determined, the extract dried under a stream of oil- 
pumped nitrogen and the amount of vitamin A esti- 
mated Standardization curves were based on a series 
of concentrations of pure crystalline vitamin A and 100 
per cent carotene (90 per cent /3-carotene) A correc- 
tion curve was used to compensate for any blue color 
in the final reaction due to carotene The results were 
expressed in micrograms of carotene or vitamin A per 
hundred cubic centimeters of plasma 
The ascorbic acid levels of the plasma were deter- 
mined titnmetncally according to the procedure of 
Farmer and Abt ^ Two cubic centimeters of plasma 
was precipitated immediately with 6 per cent meta- 
phosphoric acid, and the filtrates were stored at S C 
until titrated, about three hours later 

Cholesterol levels in the plasma were estimated by 
the Bloor extraction method,^ with color development 
under temperature control as described by Ireland ® 

NORMAL VALUES 

The carotene content of plasma ranged from 
272 to 139 micrograms, with a mean value of 195 
micrograms Tlie vitamin A level varied from 71 
to 40 micrograms, with a mean value of 50 micro- 
grams The normal vitamin A-carotene ratio 
fell sharply between 028 and 021 

2 Smay, M W Personal communication to the 
authors 

3 Farmer, C J , and Abt, A F Ascorbic Acid 
Content of Blood, Proc Soc Exper Biol & Med 32 
1625-1629 (June) 1935 

4 Bloor, W R , and Knudson, A The Separate 
Determination of Cholesterol and Cholesterol Esters in 
Small Amounts of Blood, J Biol Chem 27*107-112 
1916 

5 Ireland, J T Colorimetric Estimation of Total 
Cholesterol in Whole Blood, Serum, Plasma and Other 
Biological Material, Biochem J 35.283-293 (March! 
1941 
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The normal value for the ascorbic acid content 
of plasma is not finally established , we have ac- 
cepted figures above 0 8 mg per hundred cubic 
centimeters of plasma as representative of tissue 
saturation and values between 0 8 and 0 4 mg 
as indicative of tissue unsaturation, a level of 
less than 0 4 mg has been regarded as critical, 
and as evidence of chemical scurvy 

The normal range for the cholesterol content 
of the plasma for the method used is 100 to 230 
mg per hundred cubic centimeters 

RESULTS 

The results of the chemical and physical ex- 
aminations are given m the table 

Caiotene — Twenty-eight per cent (32) of the 
114 diabetic children in this series showed a caro- 
tene content of the plasma above the normal, and 
17 per cent (19 children), a content below the 
normal In the subgroups, the same carotene 
pattern was evident throughout, with noteworthy 
deviations from it of an increased and a decreased 
carotene content of the blood 

Hypercarotenemia Forty per cent of the dia- 
betic children exhibiting hepatomegaly, 40 per 
cent of those with associated cholesteremia and 
60 per cent of those with a positive reaction to 
the tourniquet test (the number of children, 5, 
with a positive leaction to this test was too small 
to make possible any valid conclusions concerning 
this group, and data for them will be omitted in 
the further discussion of plasma carotene) 
showed an increase of carotene in the plasma 
Hypocarotenemia Ten per cent of the diabetic 
children with a history of glycosuria and frequent 
or recent acidosis, 10 per cent of the children 
with hepatomegaly, none of the children with 
signs of vitamin A deficiency and 3 per cent of 
the children with cholesteremia showed a reduc- 
tion in the carotene content of the blood None 
of the subjects had infections, which Clausen and 
McCoord ° found to be a cause of hypocaro- 
tenemia 

In previous reports, as a rule, the carotene level 
of the blood has been stated to be elevated Two 
other investigators have reported on series of 100 
or more cases of diabetes, that is, a number com- 
parable to ours Rabmowitch ^ demonstrated an 
excess of carotene in the blood in 426 of 500 
cases of diabetes, that is in 85 2 per cent, and 
Boeck and Yater,® in 86 per cent of 100 cases 

6 Clausen, S W , and McCoord, A B Carotmoids 
and Vitamin A of Blood, J Pediat 13 635-650 (Nov ) 
1938 

7 Rabmowitch, I M Carotinemia and Diabetes 
Relationship Between Sugar, Cholesterol and Carotene 
Contents of Blood Plasma, Arch Int Med 45 586-592 
(April) 1930 


In the present series only 32 (28 per cent) of 
114 diabetic children showed high carotene levels 
of the blood. More recent contributions have 
given evidence of lower values for carotene, which 
are not so consistently above the normal as those 
cited in earlier analyses In this connection, the 
statement of Gordon and Sevnnghaus “ may be 
quoted “There is no chaiacteristic pattern in 
the carotene-vitamin A relationship,” a state- 
ment which implies (personal communication) 
that they found a considerable scattering of high 
and low carotene values among the diabetic pa- 
tients wdiom they studied Thus it appears that 
as the management of diabetes has progressed, 
the frequency of hypercai otenemia among pa- 
tients with diabetes has become less We believe 
this can be explained on the basis of better utili- 
zation and digestion of fat and a lower incidence 
of h} perhpeinia than existed a decade ago 

From our results (table) it is evident that 
among diabetic patients exhibiting hepatomegaly, 
that is. those presumably with fatty infiltration 
of the liver, or an excess of cholesterol m the 
blood, the occurrence of hypercarotenemia was 
much more common and that of hypocarotenemia 
less frequent than among the diabetic children as 
a -whole This indicates that wdien there is a 
disturbance in the fat metabolism in diabetes, 
caiotene is likely to accumulate in the blood The 
small number of cases of hypocarotenemia among 
the diabetic patients with a history of glycosuria 
and frequent or recent acidosis bears out the idea 
that wuth the accumulation of lipid substances as- 
sociated with diabetes a mobilization of carotene 
in the blood occurs 

The cause of hypercarotenemia m diabetes was 
postulated by Ralh and associates “ as being an 
impairment of the function of the liver to convert 
carotene into vitamin A and the consequent ac- 
cumulation of carotene within the body Moore “ 
concluded 

The observation of high vitamin A reserves in the livers 
of subjects dying from diabetes must rule out the sug- 
gestion that there is any serious impairment of the 
power of the liver to convert carotene into vitamin A 


8 Boeck, W C, and Yater, W M Xanthemia 
and Xanthosis (Carotinemia) Clinical Study, J Lab 
& Clin Med 14 1129-1143 (Sept) 1929 

9 Gordon, E S , and Sevnnghaus, E L Vitamin 
Therapy and General Practice, ed 2, Chicago, Year 
Book Publishers, Inc , 1942 

10 Ralli, E P , Pariente, A C , Brandaleone, H , 
and Davidson, S Effect of Carotene and Vitamin A 
on Patients with Diabetes Mellitus Effect of Daib 
Administration of Carotene on Blood Carotene of Nor- 
mal and Diabetic Individuals, JAMA 106 1975- 
1978 (June 6) 1936 

11 Moore, T Vitamin A and Carotene Vitamin A 
Reserve of Adult Human Being in Health and Disease, 
Biochem J 31 155-164 (Jan) 1937 



Data on Status with Respect to Vitamins' A, B and C in Diabetic Childien 


Subjects 

Type of Data 

Plasma 
Carotene, 
Micrograms 
per 100 Cc 

jNormal (11) 

Mean 

Range 

Standard deviation 

195 

272-139 

±39 

Diabetic (114) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

231 

420-G2 

±78 

28% above 275 
17% below 140 

History of good con- 
trol of diabetes (58) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

22C 

420-62 

±85 

31% above 275 
19% below 140 

History of persis 
tent glycosuria (35) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

233 

406 98 
±80 

26% above 275 
14% below 240 

History of glyco- 
suria and frequent 
or recent acidosis 
(21) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

« 

235 

381130 

±74 

24% above 275 
10% below 140 

Diabetes of more 
than average (4 3 
yr ) duration (44) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

211 

406-62 

±82 

23% above 275 
27% below 140 

Treated with un 
modified insulin (11) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

230 

329 98 
±75 

36% above 275 
18% below 140 

Treated with pro- 
tamine zinc insulin 
(103) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

231 

420 62 
±79 

27% above 275 
16% below 140 

Signs of vitamin A 
deficiency (10) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

238 

860-178 

±64 

30% above 275 
Hone below 140 

Signs of vitamin Bi 
deficiency (20) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

251 

406-75 

±92 

40% above 275 
15% below 140 

Signs of nboflavin 
deficiency (6) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

218 

295-177 

-*-44 

20% above 275 
None below 140 

Positive tourniquet 
test (5) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

274 

360 130 
±79 

60% above 275 
20% below 140 

More than 4 inches 
(10 cm ) under nor 
mal height (lO) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

230 

327 98 
±91 

30% above 275 
20% below 140 

Hepatomegaly (20) 

\ 

Mean 

Range 

Standard dei lation 
Per cent abnormal 

245 

394 62 
±90 

40% above 275 
10% below 140 

Hlovatcd cholesterol 
level of plasma (30) 

Mean 

Range 

Standard deviation 
Per cent abnormal 

262 

381 98 
±76 

40% above 275 


3%l)elo'n- 140 


Plasma 

Plasma 

Plasma 

Plasma 

Vitamin A, 

Vitamin A- 

Vitamin 0, 

Oholesterol, 

Micrograms 

Oarotene 

Mg per ' 

Mg per 

per 100 Cc 

50 

Ratio 

0 26 

100 Cc 

100 Cc 

7140 

±10 

0 28-0 21 

0 07 

20 08* 

230 100* 

36 

018 

0 87 

204 

5716 

0 56-0 06 

1 74 0 21 

454 90 

±8 

009 

±0 29 

-i-59 

None above 71 

11 % above 0 28 

39% between 

26% above 230 

68% below 40 

67% below 0 20 

0 8 and 0 4 
4% below 0 4 

2% below 100 

35 

019 

0 91 

219 

57 20 

0 56-0 06 

1 74 0 21 

454 90 

-4-8 

Oil 

±0 29 

±36 

None above 71 

21% above 0 28 

40% between 

24% above 230 

69% below 40 

04% below 0 20 

0 8 and 0 4 
3% below 0 4 

0 2% below lOO 

36 

016 

0 83 

202 

55-16 

0 30-0 08 

1710 22 

335-93 

±8 

005 

±0 29 

±48 

None above 71 

3% above 0 28 

28% between 

20% above 230 

74% below 40 

74% below 0 20 

0 S and 0 4 
9% below 0 4 

93% below 109 

38 

017 

0 80 

216 

53 20 

0 34 0 07 

1 21 0 22 

430-125 

±10 

0 07 

±0 22 

±76 

None above 71 

9% above 0 28 

57% between 

43% above 230 

57% below 40 

57% below 0 20 

0 8 and 0 4 
S% below 0 4 

None below 100 

35 

0 20 

0 63 

213 

5319 

0 56 0 06 

1 74 0 22 

309 125 

±8 

010 

±0 37 

±42 

None above 71 

16% above 0 28 

40% between 

23% above 230 

70% below 40 

61% below 0 20 

0 8 and 0 4 

2% below 0 4 

None below lOO 

36 

017 

084 

213 

55-22 

0 34 0 08 

1 21 0 22 

265 170 

±7 

0 06 

±0 28 

±26 

None above 71 

9% above 0 28 

36% between 

27% above 230 

72% below 40 

72% below 0 20 

0 8 and 0 4 

9% below 0 4 

None below lOo 

36 

018 

0 87 

203 

5716 

0 56-0 06 

1 74 0 21 

454-90 

±8 

009 

±0 29 

±62 

None above 71 

12 % above 0 28 

39% between 

26% above 230 

68% below 40 

66% below 0 20 

0 8 and 0 4 

4% below 0 4 

2% below 100 

33 

015 

085 

222 

53-24 

0 304)08 

1 24 0 46 

268-167 

±8 

009 

±0 21 

±37 

None above 71 

10 % above 0 28 

50% between 

50% above 230 

90% below 40 

80% below 0 20 

0 8 and 0 4 
None below 0 4 

None below 100 

38 

017 

0 87 

220 

53 25 

0 40 0 08 

1 38-0 22 

430-143 

±7 

008 

±0 34 

±-67 

None above 71 

5% above 0 28 

30% between 

35% above 230 

60% below 40 

65% below 0 20 

0 8 and 0 4 
10% below 0 4 

None below 100 

38 

017 

0 87 

249 

51 27 

0 26-0 14 

1 25-0 68 

297 200 

±8 

0 04 

±0 21 

±33 

None above 71 

None above 0 28 

60% between 

60% above 230 

60% below 40 

80% below 0 20 

0 8 and 0 4 
None below 0 4 

None below lOO 

34 

013 

0 94 

215 

55-23 

017 0 09 

1 74 0 46 

268 145 

±11 

0 03 

±0 44 

±51 

None above 71 

None above 0 28 

40% between 

20% above 230 

80% below 40 

100 % below 0 20 

0 8 and 0 4 
None below 0 4 

None below 100 

37 

0 22 

0 97 

190 

5319 

0 66-0 03 

1 74 0 46 

309 134 

±10 

005 

±0 34 

±48 

None above 71 

20% above 0 28 

30% between 

19% above 230 

60% below 40 

50% below 0 20 

0 8 and 0 4 
None below 0 4 

None below 100 

35 

017 

0 94 

203 

51 22 

0 47 0 07 

1 38 0 58 

309 130 

±8 

007 

±0 24 

-t-52 

None above 71 

5% above 0 28 

40% between 

30% above 230 

65% below 40 

65% below 0 20 

0 8 and 0 4 
None below 0 4 

None below 100 

39 

016 

079 

278 

52 25 

0 35 0 08 

1 46-0 22 

454 230 

±6 

006 

±0 27 


None above 71 

7% above 0 28 

46% between 

100% above 230 

53% below 40 

76% below 0 20 

0 8 and 0 4 

7% below 0 4 

None below 100 


Values ncceutcd In the literature 
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Murrill and associates observed that carotene 
administered orally did not increase the vitamin 
A content of the blood either m noimal or in 
diabetic subjects From this observation, to- 
gether with the fact that the entire group of dia- 
betic patients whom they studied had normal 
vitamin A values m the blood, they decided that 
there was no indication that the liver of the dia- 
betic patient converts carotene to vitamin A more 
slowly than that of the normal person 

The idea that a disturbance of fat metabolism 
IS one of the factors responsible for the accumu- 
lation of carotene in the blood of diabetic persons 
has gradually been gaming ground The solu- 
bility of carotene m fat, the direct ratio of the 
quantity of carotene taken up thiough the wall 
of the intestine to the amount of fat absorbed 
(Ahmad the high fat diet of diabetic patients 
and the tendency to hypeihpemia m such persons, 
all point to the assumption that where there is 
an excess of fat there will be an excess of caro- 
tene, whether this concerns the process of absorp- 
tion from the intestine, storage in the liver or 
accumulation in the blood 

Arguments, both pro and con, concerning the 
direct relation of hyperlipemia and a high fat diet 
to carotenemia have been put forward Rabino- 
witch ^ observed that pronounced hypercaro- 
tenemia was associated with severe diabetes, poor 
prognosis and hypercholesteremia (All these 
conditions favor the presence of hyperlipemia ) 
On the other hand, Boeck and Yater ® expressed 
the opinion that the severity of the diabetes, the 
character of the diet and the fat content of the 
blood had no bearing on the occurrence of xan- 
themia, though xanthosis was found more often m 
cases of severe diabetes , these statements almost 
1 un contrary to Rabmowitch’s experience Hey- 
mann’^^ showed that utilization of carotene was 
interfered with in diabetes, a disturbance which, 
in his opinion, was associated not with hyper- 
cholesteremia or hyperglycemia but with some 
other metabolic disturbance Ahmad demon- 
strated that the absorption of carotene was largely 
influenced by the amount of fat in the diet Mur- 
rill and associates^- expressed the opinion that 
high values for carotene m the blood in cases of 
diabetes could be explained by the piesence of 
a high fat content of the blood m these cases 
Josephs demonstrated a direct relation of vita- 

12 Murnll, W A , Horton, P B , Leiberman, E , 
and Newburgh, L H Vitamin A and Carotene 
Vitamin A and Carotene Metabolism in Diabetics and 
Normals, J Clin Investigation 20 395-400 (July) 1941 

13 Ahmad, B Fate of Carotene After Absorption 
in the Animal Organism, Biochem J 2S 1195-1204, 
1931 

14 Heymann, W Carotenemia in Diabetes, J A 
M A 106 2050-2052 (June 13) 1936 


min A, carotene and the total hpids of the blood 
In his experience, the cholesterol parallels the 
degree of hyperlipemia He found that diabetic 
patients without hyperlipemia showed no excess 
of carotene m the blood Opinion apparently 
IS divided as to the relation of the absorption 
and retention of fat and the degree of caro- 
tenemia, but the tiend of investigation is toward 
the conclusion that the solubility of carotene in 
fat aids in the absorption of carotene and de- 
termines the extent to which it is present in the 
blood In the presence of diabetes, which is 
often associated with hyperlipemia, a high caro- 
tene content may frequently be expected 

Our results — the direct correlation of the caro- 
tene level with the degree of cholesteremia and 
the parallelism between hepatomegaly and hyper- 
carotenemia — support the concept of the depend- 
ence of an increase in carotene on its solubility 
m fat The more efficient and widespread use 
of insulin has doubtless resulted m a diminishing 
incidence of hyperlipemia among diabetic pa- 
tients, an effect accounting for the less frequent 
occurrence of hypercarotenemia now than a few 
years ago This relation will not be completely 
understood until further concomitant studies of 
the lipid and carotene contents of the blood in 
diabetic subjects are earned out 

Vitamin A — In no instance was the vitamin A 
content of the plasma above the normal More 
than half the 114 diabetic children studied (68 
per cent, or 78) showed a subnormal level of 
vitamin A m the plasma As none of the 
subjects had infections (which Clausen and 
McCoord ^ stated i esulted m lowering of vitamin 
A), this factor may be eliminated as a cause of 
the low values for vitamin A The occurrence of 
low vitamin A levels of the plasma in a large pro- 
portion of children in whom clinical evidence of 
lack of vitamin A was elicited (10 subjects) bears 
out the validity of the accepted signs of avita- 
minosis A The only other variation of note m the 
subgroups concerned the subjects with a positive 
reaction to the tourniquet test, a very large num- 
ber of whom (80 per cent) had low values for 
the vitamin A m the plasma As mentioned in 
the discussion of carotene levels of the plasma, 
the number of patients, 5, with a positive reaction 
to the tourniquet test is too small to justify any 
final conclusions regarding the relation of plasma 
carotene or vitamin A to a positive reaction to 
the tourniquet test 

The notable depression of the vitamin A con- 
tent of the plasma m the presence of a tendency 
to hypercarotenemia in these juvenile diabetic 

15 Josephs, H W Relation of Vitamin A and 
Carotene to Serum Lipids, Bull Johns Hopkins Hosp 
65 112-124 (July) 1939 
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patients bears out the observation of Ralli and 
associates that lowering of vitamin A is due to 
slowing of the function of the liver in conveiting 
carotene to vitamin A This statement appears 
to be contradictory to the conclusions reached m 
discussion of the results of determination of the 
plasma carotene However, from our observa- 
tion of hypercarotenemia in 28 per cent of these 
juvenile diabetic patients and of depressed vita- 
min A levels m 68 per cent (with no excess of 
vitamin A in the plasma in a single instance), 
there seems to be evidence of some hindrance in 
the process of conversion of carotene to vitamin 
A, though this does not in any way invalidate 
the hypothesis previously formulated that hyper- 
carotenemia accompanying diabetes depends on 
the presence of an excess of fat m the blood and 
in the tissues, which is characteristic of unsatis- 
factorily controlled diabetes It may be that fat 
holds the carotene m solution and prevents its 
being available for conversion to vitamin A by 
the liver, an assumption explaining both the ten- 
dency to high carotene and low vitamin A levels 
m the plasma in the present determinations 
Vita/imn A-Cmotene Ratio — A large propor- 
tion of the vitamin A-carotene ratios for the 114 
diabetic children did not fall into the normal 
range of 0 28 to 0 20 For 67 per cent (76 pa- 
tients) the ratios weie at a level lower than 0 20, 
which bears out the observations already noted 
of a high carotene and a low vitamin A level of 
the plasma and justifies the conclusion pieviously 
made that there is some interference m the nor- 
mal process of conversion of carotene to vitamin 
A A ratio above 0 28 in this series was always 
due to a low carotene level, as is obvious from 
the fact that none of the vitamin A concentrations 
were above the normal range A low caiotene 
intake or a poor absorption of carotene might 
account for this On the other hand, the normal 
or high plasma vitamin A-carotene ratios indi- 
cate that utilization of carotene for the formation 
of vitamin A was normal, or exceeded the nor- 
mal, m 33 per cent (38) of the patients 

Vitamin B Complex — ^Twenty-three patients, 
01 20 pel cent, had signs of vitamin B deficiency 
Of these patients, 18 had vitamin deficiency 
alone, 2 had deficiency in thiamine and ribo- 
flavin, and 3 had anboflavinosis alone Of the 
10 subjects with clinical vitamin A deficienc}, 
4 also had deficienc}^ m one of the vitamin B 
components Eight (35 per cent) of the vitamin 
B-deficient gioup had hepatomegaly, wheieas 
only 12 (13 per cent) of those without vitamin B 
deficiency had hepatomegaly Of the vitamin B- 
deficient gioup, 27 per cent had histones of uni- 
foimly good control of the diabetes, 43 per cent 
had histones of persistent gl} cosuria, and 30 per 


cent had had poorly controlled diabetes, with 
frequent or recent acidosis All but 1 of these 
patients were under treatment with protamine 
zinc insulin 

The plasma studies of the patients with avita- 
minosis B revealed carotene and vitamin A levels 
consistent with the values for the entire group of 
diabetic patients , a slightly higher percentage of 
these patients had vitamin C levels below the 
critical point 

Three subjects with cheilosis on arrival at the 
camp were observed to have healing or healed 
lesions after the two week period of dietary su- 
pervision and better control of their glycosuria 
It was of interest to note that 2 of these children 
stated that they had noticed "sore corners of the 
mouth” whenever they overindulged in pro- 
scribed foods and that the soreness disappeared 
when they “behaved ” 

In the study conducted at the camp m 1941,^ 
24 per cent of the children were found to have 
vitamin B deficiency In our experience during 
two successive summers, 20 to 25 per cent of 
young diabetic patients proved to have vitamin B 
deficiency This figure is somewhat higher than 
that obtained m other investigations 

Vitamin C — There were no patients with clin- 
ical scurvy, although 5 had positive reactions to 
tourniquet tests Four per cent (5 subjects) had 
a vitamin C level of the plasma below 0 4 mg 
per hundred cubic centimeters, that is, the level 
at which chemical scur\'y occurs None of the 
children with a positive reaction to the tourniquet 
test showed plasma values below the critical level 
This casts doubt on the validity of the Rumpel- 
Leede test as a criterion of pronounced vitamin C 
deficiency Thiity-nine per cent (43) of the 
entire 1 14 diabetic children had vitamin C values 
for the plasma of 0 8 to 0 4 mg per hundred cubic 
centimeters, a level pointing to tissue unsatura- 
tion Our results, showing few instances of vita- 
min C deficiency, confirm those of other recent 
studies on this point It may be concluded that 
most diabetic children obtain sufficient vitamin C 
and have adequate utilization of this vitamin 

Relation of Control of Diabetes to Vitamin 
Status — There was in our opinion no significant 
difference m the vitamin A or the vitamin C con- 
tent of the plasma between the children with 
consistentl}^ satisfactor}^ regulation of their dia- 
betes and those with persistent glycosuria or a 
history of recurring acidosis Glycosuria without 
acidosis and without hypercholesteremia appar- 

16 Owens, L B , Wright, J , and Brown, E Vita- 
min C Survey in Diabetes, New England J Ivied 224 
319-323 (Feb 20) 1941 Sebesta, V , Smith, R M , 
Fernald, A T, and IMarble, A Vitamin C Status of 
Diabetic Patients, ibid 220 56-60 (Jan 12) 1919 
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ently did not cause the carotene level of the 
plasma to vary remarkably from that for the group 
as a whole Among the subjects with recurring 
acidosis, hypercholesteremia and hepatomegaly a 
distinct tendency to fewer instances of subnormal 
levels of carotene in the plasma was apparent , the 
patients with hepatomegaly, as well as those with 
hypercholsteremia, included a great number with 
high values for carotene m the plasma The pos- 
sible explanation of this fact has been discussed m 
the section devoted to carotene Of the vitamin B- 
deficient group, 27 per cent had histones of uni- 
formly good control of the diabetes , 43 per cent 
had histones of persistent glycosuria, and 30 per 
cent had had poor control of the diabetes, with 
frequent or recent acidosis All but 1 of these 
patients were being treated with protamine zinc 
insulin The majority of physicians allow their 
diabetic patients to exhibit some glycosuria while 
they are under the influence of protamine zinc 
insulin , a few countenance a continued high de- 
gree of glycosuria The present observations in- 
dicate that avitaminosis B does result when there 
is persistent glycosuria, even though the diabetic 
patient is under the influence of protamine zinc 
insulin 

SUMMARY AND CONCLUSIONS 

The results of a study made during the summer 
of 1942 of the status of vitamins A, B and C in 
114 diabetic children at the camp conducted by 
the New York Diabetes Association were as 
follows 

Plasma carotene Percentage No of Patients 


Hypercarotenemia 

28 

32 

Hypocarotenemia 

17 

19 

Normal 

55 

63 

Plasma vitamin A 

Above normal 

0 

0 

Below normal 

68 

78 

Normal 

32 

36 

Signs of vitamin A defi- 
ciency 

9 

10 

Plasma vitamin C 

Tissue saturation (above 

0 8 mg per 100 cc ) 

57 

65 

Tissue unsaturation (be- 
tween 0 8 and 0 4 mg per 
100 cc) 

39 

44 

Chemical scurvy (less than 

0 4 mg per 100 cc ) 

4 

5 

Positive reaction to tourni- 
quet test 

4 

5 

Signs of the thiamine de- 
ficiency 

18 

20 

Signs of riboflavin deficiency 

4 

5 


Hypercarotenemia was observed in 28 per cent 
of the children In two comparable series of a 
decade ago, the incidence of hypercarotenemia 
was about 85 per cent The less frequent occur- 
rence of an excess of carotene m the blood is 
ascribed to the more effective treatment of dia- 
betes which has been developed during the last 
ten years 

Our results — ^the direct correlation of the caro- 
tene level with the degree of cholesteremia and 
the parallelism between hepatomegaly and hyper- 
carotenemia — support the concept of the depen- 
dence of an increase m carotene on its solubility 
in fat This matter will not be completely ex- 
plained until further concomitant studies of the 
lipid and carotene contents of the blood of dia- 
betic patients are carried out 

In no instance was the vitamin A content of 
the plasma above the normal Sixty-eight per 
cent of the diabetic children (78) showed a sub- 
normal level of vitamin A 

The notable depression of the vitamin A con- 
tent of the plasma, m the face of a tendency to 
hypercarotenemia in these juvenile diabetic sub- 
jects, can be accounted for on the basis of an 
excess of fat holding the carotene m solution and 
preventing its being available for conversion to 
vitamin A by the liver 

A study of these patients and of our preceding 
series (more than 200 children) leveals that 20 
to 25 per cent of young diabetic patients treated 
m the clinics of New York city have vitamin B 
deficiency 

Hepatomegaly occurred frequently when a vita- 
min B deficiency existed 

Poor control of the diabetes, as judged by a 
history of persistent glycosuria, was often accom- 
panied by vitamin B deficiency, even though the 
subjects had been under the influence of prot- 
amine zinc insulin 

The Rumpel-Leede (tourniquet) test did not 
prove to be valid as a sign of avitaminosis C 
There were no cases of clinical scurvy Five 
patients (4 per cent of the series of 114 children) 
had a vitamin C level of the plasma of less than 
0 4 mg per hundred cubic centimeters, that is, 
chemical scurvy Lack of vitamin C is not a 
problem in diabetes under the management ac- 
corded this disease at present 
889 Lexington Avenue 
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Comprehensive investigations have been made 
of the relationship between various deficiency- 
states and the gastrointestinal tract which have 
resulted m the implication of many deficiencies 
as causes of disturbed gastrointestinal function 
Anorexia, vomiting, diarrhea and other gastro- 
intestinal dysfunctions have been noted in de- 
ficiency states,^ and experimental studies have 
shown that there are changes in the motility of 
the stomach and intestine ^ 

The influence of protein deficiency on the 
gastrointestinal tract has specifically been studied 
Barden, Ravdm and Frazier ^ and also Mecray, 
Barden and Ravdm ^ have shown that the empty- 

This investigation was in part supported by a grant 
from the Williams-Waterman Fund of the Research 
Corporation 

From the Departments of Medicine 'and Biochemistry, 
School of Medicine, Western Reserve University, and 
the University Hospitals 
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mg time of the stomach of man and of the dog is 
noticeably prolonged m the presence of a definite 
hypoproteinemia, the gastric emptying time vary- 
ing inversely with the level of plasma proteins 
These investigators have also stated the belief 
that hypoproteinemia may produce so striking an 
effect on the gastrointestinal tract that severe 
mechanical defects may be suspected It has also 
been deihonstrated that hypoproteinemia is as- 
sociated with a pronounced retardation of the 
passage of a water-barium sulfate meal through 
the small intestine of the dog This decreased 
motility was accompanied by anatomic changes 
manifested by bizarre and abnormal roentgeno- 
graphic patterns of the small intestine The 
changes found m hypoproteinemia have been at- 
tributed to the edema of the small intestine 

Although these observations may suggest an 
impairment m intestinal absorption in hypo- 
protememia and edema, no direct measurements 
have as yet been reported This was the mam 
object of the present study 

METHODS 

Adult female mongrel dogs were used m all the 
experiments For several weeks before they were used 
they were fed a stock diet consisting essentially of corn 
meal and meat supplemented with cod liver oil, yeast 
and bone meal Measurements of intestinal absorption 
of galactose and aminoacetic acid were carried out on 
all the dogs before the production of edema, and these 
measurements were compared with those obtained on the 
same animal in the hypoprotememic condition In this 
manner each animal served as its own control, a pro- 
cedure which greatly increased the reliability of the 
results 

Edema was produced in the dogs by reduction of 
plasma proteins by repeated plasmapheresis This method 
was probably first used bv Morawitz,® and the technic 
has been adequately described by Holman, Mahoney and 
Whipple " The dogs were trained to lie quietl> on a 

5 Barden, R P , Thompson, W D , Ravdm, I S , 
and Frank, I L The Influence of the Serum Protein 
on the Motility of the Small Intestine, Surg, Gynec 
& Obst 66 819-821, 1938 

6 Morawitz, P Beobachtungen uber den Wieder- 
ersatz der Bluteiweisskorper, Beitr z chem Phys 
u Path 7 153-164, 1905 

7 Holman, R L , Mahoney, E B , and Whipple, 
G H Blood Plasma Protein Regeneration Controlled 
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“dog board” while blood was being removed and solu- 
tions injected. About 40 per cent of the dog’s blood 
volume was removed from the femoral artery or the 
jugular and femoral veins Clotting was prevented by 
the use of sodium citrate The blood was immediately 
centrifuged in 100 cc centrifuge tubes, the plasma drawn 
off and the cells resuspended in 0 9 per cent solution 
of sodium chloride These were then reinjected into 
one of the veins When about half of the cells had 
been returned to the animal, a further 200 cc of blood 
was removed The cells of this blood were kept in the 
refrigerator and returned to the animal on the next day 
This procedure was repeated daily until the plasma 
proteins were depleted to a suitable level (2 to 3 Gm 
per hundred cubic centimeters) and a definite edema 
could be demonstrated The absorption and motihtv 
studies were then repeated 

The plasma which was removed from 2 of the animals 
was saved, frozen at 20 F and stored at that tem- 
perature After the dogs had been rendered hypopro- 
teinemic and the studies in that state were completed, 
the plasma was warmed to body temperature and the 
animals were given reinfusions of all or part of their 
own plasma Three or four days after return of the 
plasma, the dogs appeared to be completely recovered, 
the plasma protein concentration had returned to normal 
and all traces of edema had disappeared At this time 
the roentgenographic and intestinal absorption studies 
were repeated Recovery experiments were not done 
on the other 3 animals The time which elapsed from 
the beginning of the depletion period to the completion 
of the studies after recovery from the hypoproteinemia 
was about ten days During this time the animals were 
fed a low protein diet, consisting of about 200 Gm 
daily of a mixture of peeled boiled potatoes and fresh 
white bread 

Plasma volume and “available (thiocyanate) fluid 
volume” were determined on 2 of the animals during 
the control period These studies were repeated after 
the dogs had acquired a severe edema and again after 
the recovery which occurred with plasma transfusion 
The methods employed were based on the dilution 
of the dye T-1824 (plasma volume) and the dilution 
of thiocyanate (available fluid volume or plasma and 
interstitial volume) after their intravenous injection 
These methods were essentially those described by 
Gregersen and Stewart ® as adapted to the use of the 
Evelyn photoelectric colorimeter 

The methds used to measure the rate of absorption 
of galactose and aminoacetic acid have already been 
described in detail ® Essentially they depend on the 
oral administration of the test substance by stomach 
tube followed by the determination of the concentra- 
tion of the substance in the blood after definite intervals 
of time The type of curve obtained is an indicator 
of the rate of intestinal absorption Since the blood 
concentrations are also affetted by the rate of metabo- 
lism, this IS given consideration in the methods The 
metabolism of aminoacetic acid was studied by follow- 
ing the increase m blood urea and urinary excretion of 
urea The rate of metabolism of galactose was deter- 

by Diet I Liver and Casein as Potent Diet Factors, 
J Exper Med 59 251-267, 1934 
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9 (tt) Leonards, J R The Effect of Vitamin 
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mined in a separate experiment by the intravenous 
injection of the sugar over a period of one hour at a 
constant rate which simulates its rate of entrance into 
the blood stream from the gastrointestinal tract 

Roentgen studies were carried out on the dogs during 
the control period after administration by stomach tube 
of 50 Gm of barium sulfate suspended in 75 cc of 
water The passage of the barium meal through the 
gastrointestinal tract was followed fluoroscopically at 
frequent intervals, and significant changes were recorded 
by roentgenograms The studies were repeated at the 
time the dogs had edema and again when the dogs 
had recovered from the edema 

RESULTS 

The control level of plasma protein averaged 
5 4 Gm per hundred cubic centimeters, whereas 
the average level of plasma proteins during the 
period of edema was 2 6 Gm per hundred cubic 
centimeters and ranged between 2 and 3 2 Gm 
However, at the time many of the tests were 
being carried out the plasma protein levels of 



Fig 1 — Average blood galactose levels following the 
oral administration of 0 6 Gm of galactose per kilogram 
of body weight to dogs before production of edema, 
during edema and after recovery from edema 

seyeral of the animals were much lower than the 
values just cited The average results of studies 
of galactose absorption are shown in figure 1 It 
is evident that the blood galactose curves after 
01 al ingestion of the sugar are not significantly 
different during the time the dogs had edema 
than during control and recovery peiiods The 
average results of intravenous galactose tolerance 
studies are shown m figure 2 The curves during 
control, edema and lecoveiy peiiods are almost 
identical in the intravenous studies, indicating 
that the rates of metabolism are similar The 
amounts of galactose excreted m the urine were 
also similar In all of the animals there was an 
insignificant amount of galactose remaining in 
the stomach one hour after the oral administra- 
tion of the sugar This was experimentally 
ascertained in each of the studies by collection 
of gastric contents at the end of a one hour period 
and determination of the galactose content Since 
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the rate of metabolism of galactose was not 
altered by hypoprotememia, the similarity of the 
blood galactose curves after oval ingestion is a 
definite indication that the rate of intestinal 
absorption was not measurably altered 

The changes in serum amino acid nitrogen and 
blood uiea nitrogen after the oral administration 
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Fig 2 — Average blood galactose levels following the 
intravenous administration of 0 6 Gm of galactose per 
kilogram of body weight The sugar was injected at a 
constant rate during a one hour period Control values 
are shown, as well as the curves obtained for the same 
animals during edema and after recovery 

of aminoacetic acid are shown in figure 3 The 
aveiage increase in serum ammo acid nitrogen 
was even greater when the dogs weie edematous 
than during the control oi recovery period The 
increases in blood urea nitrogen were similar 
during the three periods The increase in unnar}- 
urea mtiogen excretion over the basal level dur- 
ing the SIX hour peiiod following the oral ad- 
ministiation of aminoacetic acid was 100 mg per 
kilogram per six hours during the control period 
and 111 mg per kilogram per six hours when 
the dogs weie edematous The similarity of the 
" changes in the blood urea nitrogen and in the 
urinary excretion of urea nitrogen indicates no 
significant change in the i ate of aminoacetic 
■ acid metabolism The percentage of adminis- 
tered amino acids converted to urea vithin six 
hours was calculated according to’ the method of 
Kirk During the control period the animals 
on the average converted 60 per cent of the 
aminoacetic acid to urea This amount inci eased 
to 85 per cent when the dogs were edematous, 
and during the recovery period it was 53 per 
cent As has already been pointed out,”'' with 
this dose from 39 to 75 per cent of the amino- 
acetic acid IS usually converted to uiea in normal 
dogs This IS a fui ther indication that the h) po- 
protememic dogs are metabolizing the acid in a 

10 Kirk, E The AbiliW of Nephritic Patients to 
Deaminize and Form Urea from Ingested Ghcine, J 
Clin Investigation 14 136-141, 1935 


manner and at a rate similar to the normal These 
results may be interpreted as indicating that the 
rate of intestinal absorption of aminoacetic acid 
was not decreased in the presence of edema 
The results of the measurements of plasma 
volume and available (thiocyanate) fluid volume 
are given in the table It can be seen that plasma 
volumes were not significantly altered by the ex- 
perimental procedures The measurements of 
the available (thiocyanate) fluid volume show a 
pronounced inciease as a result of production of 

Plasma and Available (Thiocyanate) Fluid Volumes 
in Hypopi otcinemia and Edema 

Available Plasma 
Plasma (Thiocyanate) Protein, 


Dog 


Weight, 

Volume, 

Volume, 

Gm per 100 

No 

Condition 

Kg 

Cc 

Cc 

Cc 

89 

Control 

13 5 

600 

3900 

53 


Edema 

14 5 

615 

7200 

19 


Recovery 

11 5 

670 

3600 

53 

92 

Control 

14 5 

700 

4700 

4 5 


Edema 

17 6 

720 

7400 

20 


Recovery 

13 0 

700 

4000 

60 


hypoprotememia and edema These figures par- 
ticularly emphasize that a massive edema was 
produced m these animals The available (thio- 
cyanate) fluid volume increased over 20 per cent 
of the body weight, which was consistent with the 
edema observed clinically On restoration of 
normal plasma protein levels an extensive 
diuresis occurred, wdnch eliminated the edema 
and bi ought the available (thiocyanate) fluid 
volume back to normal le^ els 
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Fig 3 —Average increases m serum ammo acid 
nitrogen and changes in blood urea nitrogen following 
the oral administration of 0 6 Gm of aminoacetic acid 
per kilogram of bod} weight Curves are shown for 
control dogs, edematous animals and dogs after recovery 

In the 2 animals in which reinfusion of plasma 
was earned out, the urea excretion during and 
after the infusion of plasma was studied A 
total of 3,050 cc of plasma, containing 81 Gm 
of pi otein, w'as removed from dog 89 during the 
depletion period Of this amount, 2,050 cc , con- 
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taming 55 Gm of protein, was reinjected intra- 
venously at a constant rate over a tw^elve hour 
period This restored the plasma protein from 
2 36 Gm per hundred cubic centimeters to the 
original normal level, of 5 3 Gm per hundred 
cubic centimeters The amount of plasma removed 
from dog 92 totaled 2,500 cc and contained 
71 Gm of protein This was all returned to the 
animal over a twenty hour period and elevated 
the plasma protein from 1 97 Gm to 6 Gm per 
hundred cubic centimeters, the latter value being 
even higher than the original control level of 
plasma protein The excretion of urea was de- 


edematous animals as compared with their control 
roentgenographic studies In some of the roent- 
genograms of the small intestines during edema 
there was clumping of the barium and segmenta- , 
tion The significance of this observation is 
questionable, since these abnormal patterns were 
noted m some of the roentgenograms obtained 
from the control group Whenever clumping and 
segmentation was noted, it was of a moderate 
nature In figure 4 are shown roentgenograms 
of 2 control dogs and 2 dogs with edema and 
hypoprotememia Figure 4 A shows a normal 
intestinal pattern obtained m a normal control 



Fig 4 — dog during control period (plasma protein level 5 3 Gm per hundred cubic centimeters) No 
changes noted in intestinal pattern Roentgenogram taken three hours after oral ingestion of aqueous suspension 
of barium sulfate B, dog during control period (plasma protein level 5 6 Gm per hundred cubic centimeters) 
Clumping and segmentation shown Roentgenogram taken three hours after ingestion of barium sulfate C, dog 
during edema (plasma protein level 1 6 Gm per hundred cubic centimeters) No changes noted in intestinal 
pattern Roentgenogram taken thirty minutes after ingestion of barium sulfate D, dog during edema (plasma 
protein level 1 9 Gm per hundred cubic centimeters) Clumping and segmentation shown Taken thirty minutes 
after ingestion of barium sulfate 


termmed for the dogs before and after the injec- 
tions of plasma The increase in urea excretion 
was not striking and indicated that most of the 
plasma protein that was injected was retained, 
less than 15 per cent of the administered protein 
being converted to urea during the first forty- 
eight hours, at which time the rate of urea ex- 
cretion had returned to the original basal level 
There were no striking differences m the 
appearances of the intestinal pattern of the 


animal, while figure AB shows clumping and 
segmentation m a normal control animal Figure 
4 C illustrates a normal intestinal pattern ob- 
tained m a dog with hypoprotememia and edema, 
while figure AD shows clumping and segmenta- 
tion in an edematous animal 

Studies of intestinal motility made during the 
control period w’’ere compared with comparable 
studies on the edematous hypoprotememic ani- 
mals In no instance was the initial emptying 
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o£ the stomach delayed during hypoprotememia 
Furthermore, the time required for complete 
evacuation of the barium meal from the stomach 
was approximately the same during edema as 
during the control period or during the recovery 
period Observations regarding the speed with 
which the barium sulfate moved along the in- 
testine indicated that the intestinal motility of 
the animals was not decreased by hypoprotein- 
emia and edema 

COMMENT 

Since our experiments have shown no changes 
in gastrointestinal motility or m absorption rates 
following the production of hypoprotememia and 
edema and only slight changes of the intestinal 
roentgenographic patterns, it should be empha- 
sized that the animals in the present study had 
lower plasma protein levels and probably more 
edema than were attained by other investigators 
who have studied the same phenomena We 
have established this fact by numerous observa- 
tions, which include multiple measurements of 
plasma protein levels, clinical observations of 
edema and ascites, gross obseivations of the 
visceral edema of 1 of the dogs killed at a time 
when the plasma proteins were at a low level , 
pronounced increases in weight and available 
(thiocyanate) fluid volume, and the produc- 
tion of pronounced diuresis on restoration of 
the plasma protein concentration to normal 
values In the animal which was killed the edema 
of the viscei al organs was even more pronounced 
than that observed in the skin and extremities 
Both the pleural and peritoneal cavities con- 
tained considerable free fluid, and all of the 
abdominal viscera showed clearcut evidences of 
edema It should be noted that the critical level 
of plasma protein concentration at which edema 
appeals in the dog is considerably lower than 
that at which edema usually appears in human 
beings with hypoprotememia In the present 
experiments no gross manifestations of edema 
were noted m any of the dogs as long as the 
plasma protein concentration was above 3 Gm 
per bundled cubic centimeters In the report of 
Barden, Thompson, Ravdm and Fiank° no 
specific mention is made as to whether or not 
their animals had any demonstrable edema, 
although they assumed that edema of the in- 
testinal wall accounted for the phenomena noted 
Fiom the data piesented by these investigators 

— - ■ — ~ V 

11 Mccraj , Barden and Ravdm 1 Barden, Thompson, 
Ravdm and Frank’’ 

12 Leitcr, L Experimental Edema, Proc Soc E\- 
per Biol & ^led 26 173-175, 1928 Moore, N S , 
and Van Shke, D D The Relationships Between 
Plasma Specific GraMt>, Plasma Protein Content and 
Edema m Nephritis, J Chn Investigation 8 337-355, 
1930 


it would appear that the plasma protein levels of 
their animals ranged between 3 2 and 4 5 Gm 
per hundred cubic centimeters 

The roentgenologic methods used for the esti- 
mation of gastric emptying time are difficult to 
evaluate even when employed by skilled op- 
erators In our experiments the presence of 
hypoprotememia and edema had little eflfect on 
gastric emptying time and on motility of the small 
intestine The absence of any decrease m gastric 
emptying time is adequately confirmed by the 
normal galactose tolerance curves We have 
repeatedly observed by analyses of the gastric 
residuum that orally administered galactose in 
doses of 0 6 Gm per kilogram is almost com- 
pletely emptied m forty-five minutes. The 
average maximum blood galactose level occuired 
at forty minutes in both normal and hypo- 
proteinemic states This offers good evidence to 
substantiate the occurrence of normal gastric 
emptying during hypoprotememia and edema 
The roentgen studies on the dogs also indicated 
that gastric emptying time and intestinal motility 
were not decreased during edema These lesults 
are not in agreement with those of Barden, 
Thompson, Ravdm and Frank,® who found strik- 
ing increases m gastiic emptying time and de- 
creases in small intestinal motility m dogs kept 
on a low protein diet for prolonged periods of 
time There may have been several factors which 
could account for the discrepancies The most 
evident difference in the two studies is that 
whereas edema was rapidly produced in our 
experiments with a minimum change in the con- 
dition of the animals other than the lowered 
plasma protein level, in the experiments of Bar- 
den and associates the hypoprotememia was pro- 
duced by dietary means The diet and nutritional 
condition of the animals may have accounted for 
the changes in gastrointestinal motility to which 
^hypoprotememia per se may have contributed 
only an insignificant amount 

In sprue there is a pronounced impairment m 
intestinal absorption and there is also a significant 
change in the intestinal roentgen pattern This 
may suggest that there is a correlation between 
impaired intestinal absorption and abnormal 
roentgenographic obseivations, and many auth- 
ors have spoken of this possibility In certain 
conditioris other than sprue evidence of impaired 

13 Mackie, T T Non-Tropical Sprue, M Chn 
North America 17 165-184, 1933 Snell, A M Tropi- 
cal and Non-Tropical Sprue (Chronic Idiopathic Stea- 
torrhea) Their Probable Interrelationship, Ann Int 
Med 12 1632-1671, 1939 Kantor, J L The Roentgen 
Diagnosis of Idiopathic Steatorrhea and Allied Con- 
ditions, Am J Roentgenol 41 758-778, 1939 Sussman, 
M L, and Wachtel, E Factors Concerned in the 
Abnormal Distribution of Barium in the Small Bov’cl, 
Radiologv’ 40 128-138, 1943 
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absorption and abnormal roentgen patterns are 
obtained simultaneously In the case of clinical 
hypopioteinemia and edema most cuirent opinion 
seems to favor the idea that there is an abnormal 
roentgen pattern in the intestine, although there 
have been no extensive clinical reports published 
on this subject This is hard to undei stand, since 
there is a great abundance of clinical material 
available and it has been seven years since 
Pendergrass and associates called attention to 
this possibility as a result of observations on 1 
subject From a clinical standpoint there is no 
evidence to suggest that in edema theie is a 
significant impairment in intestinal absorption 
as evidenced by large amounts of fat and nitro- 
gen in the stool The present studies demon- 
strate experimentally that intestinal absorption 
is not appreciably affected by hypoproteinemia 
and edema 

The plasma volume in edema has been studied 
by many different technics with rather discordant 
results Harris and Gibson have reviewed the 
results of many of these studies and have re- 
ported plasma volume values in a senes of 
patients with edema, the plasma volume being 
determined by the injection of the dye T-1824 
These investigators noted that in edema the 
average plasma volume is slightly increased 
above the noi mal average The present observa- 
tions indicate that in edema due to hypoprotein- 
emia there is no significant change in plasma 
volume as measured by the dilution of the dye 
T-1824 but that there is a great increase in inter- 
stitial fluid volume as measured by the dilution 
of intrai^enously injected thiocyanate 

The results of the nitrogen balance studies 
carried out after restoration of plasma protein 
are in agreement with the observations of Elman 
and Davey,^’’ who noted that there is a tenacious 

14 Lepore, M J , and Golden, R A Syndrome 
Due to Deficiency of the Vitamin B Complex, J A 
M A 117 918-923 (Sept 13) 1941 Beams, A J , 
Free, A H , and Glenn, P M The Absorption of 
Galactose from the Gastro-Intestinal Tract in Deficiency 
Diseases, Am J Digest Dis 8 415-421, 1941 

15 Pendergrass, E P , Ravdin, I S , Johnston, C 
G , and Hodes, P J Studies of the Small Intestine 
II The Effect of Foods and Various Pathologic States 
on Gastric Emptying and the Small Intestine Pattern, 
Radiology 26 651-662, 1936 

16 Harris, A W , and Gibson, J G Clinical 
Studies of the Blood Volume VII Changes in Blood 
Volume in Bright’s Disease With or Without Edema, 
Renal Insufficiency, or Congestive Heart Failure, and 
in Hypertension, J Clin Investigation 18 527-536, 1939 

17 Elman, R , and Davey, H W Studies on Hypo- 
albuminemia Produced by Protein-Deficient Diets III 
The Correction of Hvpoalbuminemia in Dogs by Means 
of Large Plasma Transfusions, J Exper Med 77 1-6, 
1943 


retention of protein nitrogen when administered 
intravenously to hypoproteinemic subjects 
Recent observations have indicated that 
impaired hepatic function may be associated with 
nutritional hypoproteinemia in dogs and hypo- 
proteinemia due to nephrosis in children The 
evidence for impaired hepatic function was 
obtained by retention of plasma amino acid fol- 
lowing injection of casein hydrolysate In our 
expeiiments, although there appeared to be a 
small retention of plasma amino acids following 
ingestion of aminoacetic acid in the hypopro- 
teinemic dogs, there were no changes in the 
increase in concentration of uiea in the blood or 
in urinary excretion of urea The curves after the 
intravenous administration of galactose were also . 
normal and indicated no impairment of hepatic 
function in our animals 

SUMMARY AND CONCLUSIONS 

Hypoproteinemia with edema was produced in 
5 dogs by means of plasmapheresis 

The intestinal absorption of galactose and 
aminoacetic acid was studied by means of im- 
proved tolerance tests The presence of hypo- 
proteinemia and edema had no significant effect 
on the rate of intestinal absorption of galactose 
and aminoacetic acid 

Roentgenologic observations of the gastro- 
intestinal tract Yere made after the oral admin- 
istration of barium sulfate Gastiic emptying 
and intestinal motility were not altered by hypo- 
proteinemia and edema In some of the roent- 
genograms of the small intestine during edema 
there was moderate clumping of the barium and 
segmentation These phenomena were also 
noted in the studies on normal animals, although 
they occurred less frequently 

Studies of plasma volume and available 
(thiocyanate) fluid volume indicated that during 
edema the plasma volume is not significantly " 
altered but that the ayailable (thiocyanate) fluid 
volume IS noticeably increased 

The rate of metabolism of galactose and ammo- 
acetic acid was not altered by hypoproteinemia 
and edema 

The members of the roentgenologic department of 
University Hospitals cooperated in these studies, and 
Mrs Annabelle Miller gave technical assistance 


18 Goettsch, E , Lyttle, J D , Grim, W M , and 
Dunbar, P Amino Acid Studies I Plasma Amino 
Acid Retention in the Hypoproteinemic Dog as Evidence 
of Impaired Liver Function, J Biol Chem Hi 121-134, 
1942 

19 Lyttle, J D , Goettsch, E , Greeley, D M , 
Grim, W M , and Dunbar, P Amino Acid Studies 
II Plasma Ammo Acid Retention as Ewdence of Im- 
paired Liver Function, Investigations in Children with 
Nephrosis and Liver Disease, J Chn Investigation 22 
169-181, 1943 



BRONCHOSPASM ASSOCIATED WITH PULMONARY EMBOLISM 

respikatory failure 

NORMAN H BOYER/ MD, and JOHN J CURRY, MD 

BOSTON 


Increasing awareness of the importance of pul- 
monary embolism is becoming apparent m the 
thinking of surgeons and internists alike Many 
aspects of the problem have been studied in the 
laboratory and at the bedside, yet there is still 
much to be learned concerning both the prophy- 
laxis and the management of this important and 
extremely common complication in medical, sur- 
gical and obstetric patients 

The possibility that bronchospasni may be 
associated with pulmonary embolism, with ma- 
terial mciease in respiratory distress and an- 
oxemia, has been suggested by several investi- 
gators In 1920 Dunn ^ described histologic 
changes in embolized lungs consisting of spasm 
of the musculature of the bronchiolar termina- 
tions and of the atria, but not of the bronchioles 
themselves In 1924, however, Binger, Brow 
and Branch - observed similar changes in nor- 
mal, nonembolized lungs Singh,® using an on- 
cometer to measure changes in the lung volume 
of decapitated cats, reported that air embolism 
produced bronchospasni which could not be pre- 
vented by atropine, but which could be abolished 
by epinephrine His explanation of the reflex 
mechanisms involved in decapitated animals is 
cumbersome and inadequate His deduction that 
the effects of epinephrine were exerted on the 
airways, rather than on the pulmonary circula- 
tion, are unconvincing in view of the unreliability 
of the oncometnc method when used with organs 
' containing both blood and gases 

Binet and Burstem ^ produced embolization of 
the lungs of dogs by the intravenous injection of 

* Dr Boyer is now serving with the armed forces 

From the Evans Memorial, Massachusetts Memorial 
Hospitals, and the Department of Medicine, Boston 
University School of Medicine 

1 Dunn, J S The Effects of Multiple Embolism 
of Pulmonary Arterioles, Quart J Med 13 129, 1920 

2 Binger, CAL, Brow, G R , and Branch, A 
Experimental Studies on Rapid Breathing I Tachyp- 
nea, Independent of Anoxemia, Resulting from Multiple 
Emboli in the Pulmonarv Arterioles and Capillaries, 
J Chn Investigation 1 127, 1924-1925 

3 Singh, I Certain Effects of Pulmonary Gas 
- Embolism, J Phjsiol 87 11, 1936 

4 Binet, L , and Burstem, M Le bronchospasme 
nu coeurs des embohes pulmonaires, Mem Acad de chir 
64 1297, 1938 , Recherches sur la motncite des bronches, 
Presse mcd 47‘217, 1939 


lycopodium in oil and, employing a modification 
of Jackson’s® method for the registiation of 
bronchial reactions, were able to show broncho- 
constnction which could be abolished by atropine 
or by vagotomy Judging from their published 
records, which showed a precipitous fall in blood 
pressure without recovery, one may conclude that 
the animals had been subjected to rapidly fatal 
massive embolization The practical importance 
of bronchospasm under such conditions is open 
to question 

Jesser and de Takats,® in an investigation of 
the roentgenographic pattern of the bronchial 
tree after injection of chlonodized peanut oil, 
reported changes in the pattern following pul- 
monary embolism which they interpreted to mean 
constriction of the bronchi They stated that 
roentgenograms of the normal bronchial tree of 
the dog showed that only the large bronchial 
radicles filled with radiopaque material, and that 
after pulmonary embolism the smaller radicles 
became filled It was evidently their opinion that 
contraction of the large bronchi had forced the 
contrast medium into the fine radicles It is 
probable that if any reflex bronchospasm occurred 
it would be most evident in the more muscular 
bronchioles, filling of which would be more, 
rather than less, difficult One might, therefore, 
be justified in interpieting their results as indi- 
cating dilation of the small bronchi and bron- 
chioles They stated the belief that they had 
eliminated increased lespiratory eff'ort as the 
cause of the change in bronchial pattern by show- 
ing that no change appeared in the normal bron- 
chograni when violent respiratory efforts were 
induced by clamping the trachea This method 
did not conclusive!) demonstrate the point, foi it 
eliminated the distending and displacing force of 
the inrushing air 

Because of certain objections to some of the 
methods employed, as w ell as the possible impor- 
tance of such bronchial reactions if they do occur, 
it seemed desirable to reexplore the problem 

5 Jackson, D E Experimental Pharmacology and 
Materia I^Iedica, ed 2, St Louis, C V Mosby Company, 
1939 

6 Jesser, J H, and deTakats, G The Bronchial 
Factor in Pulmonary Embolism, Surgery 12 541, 1942 
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METHODS 

Two methods for the recording of bronchial reactions 
were used in the present study The first method con- 
sisted in rhythmic inflation of the lungs of anesthetized 
dogs with a force pump which delivered a constant 
volume of air into the trachea at a constant rate, 
variations in intratracheal pressure being recorded at the 
same time It was assumed that a change in resistance 
to the flow of air brought about by changes in the 
caliber of the bronchial tree would be reflected by 
corresponding changes in intratracheal pressure In 
order to eliminate the effects of the animal’s own 
respiratory efforts, which may become violent after 
• embolism, it was necessary to open the chest widely 
This was accomplished by splitting the sternum and 
retracting its edges The need for deep anesthesia 
and extensive operative procedures introduces serious 
objection to the method 
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that bronchoconstnction had occurred We also accepted 
as indicating bronchoconstnction records which showed 
no change in intratracheal pressure despite significant 
increases in intrapleural pressure We have been un- 
willing to accept as evidence of bronchoconstnction 
records in which both intrapleural and intratracheal 
pressure increased, even though the increase in the 
intrapleural pressure was disproportionately greater than 
the increase in intratracheal pressure It is possible that 
such changes are valid evidence of bronchoconstnction, 
but we have been reluctant to accept them as such 

The results of procedures designed to test the validity 
of the methods are shown in figures 1 and 2 Figure 
1 A shows the effect of intravenous injection of 02 mg 
of histamine phosphate on the intratracheal pressure 
(upper curve) and the pressure in the right ventricle 
(lower curve) in an animal prepared by the first method 
The maximum intratracheal pressure which developed 
during the "inspiratory” phase (downward deflection) 
was increased definitely but not conspicuously Indeed, 
the degree of change was surprisingly small in view of 
the fact that direct observation of the lungs revealed 
little, if any, inflation Figure 1 B illustrates the effects 
of clamping the hilus of the upper lobe of the right lung 
The increase m intratracheal pressure was again definite 
but not pronounced 

The tests seemed to indicate that the method was 
valid for demonstration of high degrees of broncho- 
constnction but that it was probably not sensitive to 
less intense bronchial reactions 

Figure 2 shows the effect of injection of 0 S mg of 
acetylbetamethylcholine chloride on intratracheal pres- 
sure (upper curve) and intrapleural pressure (lower 
curve) m the normally breathing animal (method 2) 
It will be noted that, despite a notable increase in intra- 
pleural pressure, little, or no, variation in pressure 
occurred in the trachea until the effects of the drug 
began to wear off Although this method proved to be 
more sensitive than method 1, it has certain limitations, 
the most important of which is the difficulty in evalu- 
ation of differential changes m the intratracheal and 
intrapleural pressures during changes in the respiratory 
rate and the duration of the respiratory phases In the 
evaluation of experimental results this factor must be 
given due consideration 


Fig 1 — Tests of the validity of one of the methods 
used to record bronchial reactions The animal was 
receiving artificial respiration, the lungs being inflated 
by a pump which delivered a constant volume of air at 
a constant rate Any change in intratracheal pressure 
(upper curve) indicates a change in the resistance to 
the flow of air into the lung A shows the effects of 
intravenous injection of 0 2 mg of histamine phosphate 
on the intratracheal pressure and the pressure in the 
right ventricle (lower curve) Downward deflection in- 
dicates increased intratracheal pressure B shows the 
effects of clamping the hilus of one lobe of the lung 
The time interval equals one second 

The second method consisted of simultaneous regis- 
tration of intratracheal and mtrapleural pressures in 
normally breathing, lightly anesthetized dogs It was 
assumed that if the intratracheal and the intrapleural 
pressure changed in opposite directions, a change in the 
patency of the bronchial tree had occurred The prin- 
ciple is essentially that involved m Jackson’s method 
except that in the latter the changes in intrapleural 
pressure are kept constant by means of a rhythmic 
suction pump Thus, if intratracheal pressure decreased 
while intrapleural pressure increased, it was assumed 


PROCEDURE 

Mongrel dogs, weighing 6 to 10 Kg, were anes- 
thetized with sodium pentobarbital (40 mg per kilogram 
of body weight in experiments with method 1 and 
20 to 25 mg per kilogram of body weight in experi- 
ments with method 2) When measurements of pressure 
in the right ventricle were made, the animal’s blood was 
rendered noncoagulable by the use of heparin (1 mg 
per kilogram of body weight) and calcomine fast pink " 
(120 mg per kilogram of body weight) 

Large pulmonary emboli were produced by the intra- 
venous injection of a suspension of barium sulfate® or 
by introduction into the venous circulation of thin sheet 
rubber cut into strips IS cm long and 1 5 mm wide 
The method of introduction of the rubber strips was as 
follows The external jugular vein was cannulated 
with a glass tube having an inner diameter of 2 mm 
and sufficient length to allow its passage into the superior 
vena cava Rubber emboli were then fitted into a num- 
ber of similar glass tubes, and the tubes filled with 

7 This substance was furnished by Calco Chemical 
Company, Bound Brook, N J 

8 de Takats, G , Beck, W C , and Fenn, G K 
Pulmonary Embolism, Surgery 6 339, 1939 
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isotonic solution of sodium chloride A tube containing 
an embolus was connected to the cannula by means of 
rubber tubing and the embolus forced into the vena 
cava by the injection of isotonic solution of sodium 
chloride from a syringe These emboli were soft and 
pliable, passed readily through the chambers of the heart 
and, after blocking some of the larger branches of the 
pulmonary artery, accumulated in the main pulmonary 
artery to form a rider embolus, as shown in the accom- 
panying sketch (fig 3) This proved to be a simple 
and effective method for the repeated introduction of 


t\vo emboli had no apparent eflfect on intra- 
tracheal pressure, this result indicating that the 
presence of the foreign bodies m the pulmonary 
arteries did not produce demonstrable reflex 
effects on the bronchi, noi was the resistance 
in the pulmonary circuit sufficiently increased to 
be 1 effected in changes in pressuie in the right 
ventricle A few seconds befoie the introduction 
of the fourth embolus the pressure in the right 



Fig 2 — Effects of intravenous injection of 0 5 mg of acetylbetamethylchohne chloride (mecholyl chloride) on 
the intratracheal pressure (ITP) and the intrapleural pressure (IPP) in a normally breathing, lightly anes- 
thetized dog Bronchoconstnctior is indicated by a decrease m the intratracheal pressure despite a conspicuous 
increase m the intrapleural pressure Time intervals, four-hundredths and two-tenths seconds 



Fig 3 — Drawing of the pulmonary arteries filled with rubber emboli For description see text 


moderate-sized emboli, and, by injection of the rubber 
strips in rapid succession, massive embolism of the main 
pulmonarj artery was produced From eight to twelve 
such emboh were sufficient to block effectively the pul- 
monary circulation and to cause the death of the animal 

RESULTS 

> Method 1 — Figure 4 show's the effects of 
lepeated introduction of rubber strips into the 
ptilinonar} ciiculation on the inti atracheal pres- 
t>uic (uppei ctirae) and the light ventricle 
(lower cur\e) It wnll be noted that the first 


inti aventi icle graduall} rose, and, simultaneously, 
there w'as an increase in the maximum intra- 
tracheal pressure (dow'mvard deflection), a 
phenomenon wdneh w'e interpret to indicate 
bronchoconstriction It will be noted that the 
latter effect disappeared toward the end of the 
recording, even though the mtrar entricular pres- 
sure lemained elevated Although the increase 
in the recorded amplitude of intratracheal pres- 
sure w'as not striking, it represented almost as 
great a percentile increase as that produced b> 
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the intense bronchoconstnction induced by his- 
tamine, shown in figui e 1 

In only 3 of 10 experiments with this method 
were effects produced comparable to those illus- 
trated in figure 4 In 2 other experiments there 
was suggestive, but unreliable, evidence of slight 
bronchoconstnction It was because of the in- 
consistency of results, together with the evident 
lack of sensitivity of the method, that we turned 
to the second method 

Method 2 — In figure 5 are shown the effects 
of an embolus consisting of 0 5 cc of a suspension 
of barium sulfate on intratracheal pressure 
(upper curve) and intrapleural pressure (lower 
curve) in the normally breathing, lightly anes- 


EFFECT OF DRUGS AND VAGOTOMY 

Because bronchoconstnction associated with 
pulmonary embolism was transient as measured 
by the methods used, it was necessary to inject A 
a drug or sever the cervical vagus nerves before ^ 
the introduction of emboli and to evaluate the 
effectiveness of such procedures in the prevention 
of bronchoconstnction, rather than in the treat- 
ment of constriction after it had occurred 

Papavei me — Papaverine has been widely used 
to combat arterial spasm and has been recom- 
mended in the treatment of pulmonary embolism 
because it was observed to overcome broncho- 
spasm,® dilate the pulmonary arterial tree ® and 
increase the blood flow in the coronary arteries ® 

Xl 

] 



Fig 4 — Effects of repeated introduction of rubber emboli on intratracheal pressure and pressure in the right 
ventricle The animal was receiving artificial respiration (method 1) The injections of emboli are marked by 
arrows For further discussion see text Time interval, one second 



Fig 5 — Effects of an embolus of 0 5 cc of barium sulfate on the intratracheal (ITP) and the intrapleural 
(I P P) pressure in a normally breathing dog The decrease m intratracheal pressure despite an increase in pleural f 
pressure is similar to the effect of a known bronchoconstnctor substance, such as that shown in figure 2 Time 
IS expressed in four-hundredths and in two-tenths second 


thetized dog Despite a notable increase in 
intrapleural pressure, the intratracheal pressure 
was temporarily much diminished, although the 
changes were less than those produced by 
mecholyl chloride, as illustrated in figure 2 The 
bronchospasm was apparently tiansitory, but if 
we were to accept disproportionate increases in 
intratracheal and intrapleural pressures as indica- 
tive of bronchial reactions, the effect would be 
somewhat more sustained 

Changes similar to those already described 
were encountered in 5 of 7 animals with which 
this method was used Thus the percentage of 
positive results was considerably greater with 
method 2 than with method 1 


Papaverine vas observed to quiet the increased 
respiratory efforts associated with experimental 
pulmonary embolism following a temporary 
phase of stimulation of respiration 

We have also observed brief stimulation of 
respiration, lasting ten to thirty seconds, pro- 

9 Essex, H E , Wegna, R , Herrick, J F, and 
Mann, F C The Effect of Certain Drugs on the 
Coronary Blood Flow of the Trained Dog, Am Heart J 
19 554, 1940 Lindner, E, and Katz, L N Further _ 
Observations on the Action of Drugs on the Caliber" 
of Coronary Vessels, J Pharmacol & Exper Therap 
72 306, 1941 

10 Megibow R S , Katz, L N , and Feinstein M 
Kinetics of Respiration in Experimental Pulmonary 
Embolism, Arch Int Med 71 536 (April) 1943 
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duced by papaverine After this transient stimu- 
lation respirations became quieter, and the ammal 
seemed to be somewhat protected against the 
lethal effects of embolization 
Records of the bronchial reactions, however, 
proved somewhat surprising, for there regularly 
appeared evidence of transient bronchoconstnc- 
tion which was not followed by demonstrable 
bronchodilation The temporary increase in 
resistance to the flow of air into the lungs 
appeared at the time of, and persisted for as long 
as, the initial stimulation of respiration The 
drug usually produced a fall in pressure in the 
right ventricle, but in 1 experiment a rise was 
observed, bronchoconstriction occurred indepen- 
dently of changes m the intraventricular pressure, 
as shown in figure 6 


0 


■ 


ft 


I I ( 






'M 


*1 III '■ 


WiWfilV##"'''""''/''''' 

, 'I 1 , ' .*1 




A. 


B. 


Fig 6- — Effects of papaverine on intratracheal pres- 
sure and pressure in the ventricle in dogs receiving 
artificial respiration There was a brief increase in 
resistance to the flow of air into the lungs, as indicated 
by a higher maximal intratracheal pressure (downward 
deflection) For further discussion see text 

Atiopme and Cervical Vagotomy — Four ani- 
mals weie subjected to pulmonary embolization 
after atropinization (1 to 2 mg of ati opine 
sulfate intiavenously) or cervical vagotomy 
None showed evidence of bionchoconstnction 
The numbei is too small to permit more than 
the tentative conclusion that the leflex is medi- 
ated over the vagus neive 
Dtgttahs — It has been suggested by Jesser and 
^ de Takats® that drugs which increase \agal 
tone, such as digitalis inciease the degiee of 
bronchoconsti ictioii associated with pulmonarj 
embolism and aie therefore contraindicated We 
vcie unable to detect any clear evidence of in- 


creased bronchospasm following the intravenous 
administration of 0 4 mg of lanatoside C m 4 
embolized dogs 

COMMENT 


The transient natuie of the bronchoconstric- 
tion which appeared after pulmonary embolism 
raises doubt concerning its practical importance 
Further doubt is cast by the observation of 
Megibow, Katz and Feinstein that m the early 
stages of experimental pulmonary embolism the 
oxygen content of aiterial blood was increased 
and the caibon dioxide content deci eased Their 
observations seem haidly consistent with the 
pioduction of intense and sustained broncho- 
spasm It IS possible that in unanesthetized 
human beings bronchoconstriction might be more 
sustained than in the experimental animal, 
although we have never encountered clinical evi- 
dence m the form of asthmatic breathing in 
patients with normal hearts In persons with 
underlying heart disease, however, pulmonary 
embolism may precipitate acute heart failure, 
with cardiac “asthma ” 

Since atropine has appeared useful, on empiric 
grounds, in the treatment of pulmonary em- 
bolism,® and since it may be expected to counter- 
act any bronchospasm which may be present, its 
use is recommended even though the clinical 
importance of bronchoconstriction remains in 
doubt Epinephrine should not be used for the 
control of possible bronchospasm associated with 
pulmonary embolism because of the observation 
(our own and others®) that under such con- 
ditions intense pulmonary edema often follows 
The demonstration that papaverine appears to 
produce brief bronchoconstriction should not be 
a bar to its use, in view of its apparently^ bene- 
ficial effects on other structures 

Megibow, Katz and Feinstein reported evi- 
dence that the accelerated respiration following 
pulmonary embolism was dependent on a rise in 
pressure in the pulmonary artery, the right 
chambers of the heart and the superior vena cava 
Our observations suggest that the reflex pro- 
ducing bronchospasm may have the same cause, 
for in expel iments in which the pressuie in the 
light lentiicle was measured, we did not observe 
bronchoconstriction in the absence of a rise in 
pressure in the i ight ventricle Disappearance 
of bionchoconstnction, after an interval of one or 
tw^o minutes, even though intraventiicular pres- 
sure remained ele\ated, suggests—aside fiom the 
possibility that some factor other than the rise in 
pressure proiided the stimulus for the reflex— 
that compensatory or antagonistic mechanisms 


IJiis sub<;tance was furnished 
Chemical Works. Inc, New York 


b> the Sandoz 
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were set into action or that fatigue and adapta- 
tion occurred in the reflex arc 

Respiratoyy Failwe — So much attention has 
been given to the heart and circulation in both 
clinical and experimental pulmonary embolism 
that it seems desirable to direct attention to the 
observation that death from pulmonary embolism 
in the spontaneously breathing experimental ani- 
mal was generally due to respiratory, and not to 
cardiac, failure In most experiments the heart 
continued to beat regularly for thirty to ninety 
seconds after respiration had ceased 

While these observations indicate that death 
was due principally to respiratory failure, it does 
not necessarily follow that circulatory changes 
did not play an important role Respiratory 
failure is usually to be attributed to depression 
of the respiratory center by drugs, such as opiates 
or barbiturates, or to anoxia of the center 
Anoxia of the center may be brought about by 
low oxygen saturation of arterial blood or by a 
reduction in blood flow The reduction in blood 
flow, in turn, may be due to a decrease in 
systemic aiterial piessure or to an increase m 
venous (or intracranial) pressure or to both 
It is evident that under the conditions of our 
experiments on barbitalized dogs, and, to a large 
extent, m human beings, all of these factors may 
be present m varying degrees In the later 
stages of pulmonary embolism anoxemia fre- 
quently occurs, and at the same time there may 
be a fall in arterial and a rise in venous pressure 
Thus the circulatory effects of pulmonary em- 
bolism may be important contributory, or even 
primary, factois in failure of respiration 

Two types of respiratory failure were seen 
The more common one was characterized by 
periodic breathing of the Cheyne-Stokes form, 
followed by gradual cessation of breathing, with 
the usual final slow, gasping efforts This type 
of failure followed a prolonged period of rapid, 
laboied breathing, and it is probable that the 
increased activity of the center hastened its 
exhaustion Oxygen therapy not only combats 
anoxemia, but, by so doing, reduces the respira- 
tory rate,^‘ and hence the metabolism of the 
respiratory centei Thus, not only the oxygen 
supply to the center is increased, but, at the same 
time, its oxygen requirement is diminished 
Papaverine was the only drug of a number tried 
by Megibow, Katz and Feinstein that had any 
significant effect in reducing the accelerated 
respiratory rate associated with experimental 

12 Binger, CAL, Brow, G R , and Branch, A 
Experimental Studies on Rapid Breathing II Tachyp- 
nea, Dependent upon Anoxemia, Resulting from Multiple 
Emboli in the Larger Branches of the Pulmonary 
Arterj', J Clin Investigation 1 155, 1924-1925 


pulmonary embolism This drug can, therefore, 
be considered useful, if only for the purpose of 
diminishing the metabolic activity of the center 
It IS probable, however, that its more important 
action IS in removing the underlying causes of 
the original acceleration Thus these two agents 
(oxygen and papaverine) may be expected to 
stave off exhaustion of the respiratory center 
Depression of the center by injudicious use of 
opiates or barbiturates is of course to be avoided 
The second type of respiratory failure was 
observed in animals which were subjected to 
repeated introduction of emboli while they were 
in respiratory distress from previous emboliza- 
tion This type of respiratory failure was 
sudden, and so complete that even the terminal 
gasping, usually a hardy respiratory function, 
was completely abolished The suddenness and 
completeness of the failure of respiration sug- 
gested reflex inhibition of the center, although 
such an effect is not proved, and equally tenable 
alternative explanations are available 

The mechanism of sudden death m cases of 
repeated pulmonary embolism was investigated 
by Villaret, Justm-Besangon and Bardin They 
found that vagotomy, the administration of 
ephedrine sulfate and atropine together, or 
alkalinization by the administration of sodium 
bicarbonate, all acted favorably m delaying death 
or m increasing the number of emboli tolerated 
Conversely, section of the cervical sympathetic 
nerves or acidification by the injection of hydro- 
chloric acid decreased the animal’s tolerance to 
emboli and hastened the onset of sudden death 
They concluded that reflex inhibition of the 
sympathetic system was responsible for sudden 
death and that such factors as the pu of blood 
or tissues may be modifying factors Their ex- 
perimental results, however, do not exclude 
alternative mechanisms For example, vagotomy 
slows the rate of discharge of the respiratory 
center m normal animals and, to a less extent, 
m animals with pulmonary embolism If the 
oxygen requirements of the center are thus 
reduced its eventual deterioration may be post- 
poned The efficacy of ephedrine may have 
depended largely on its ability to raise arterial 
pressure so that blood flow to the center was 
increased, and hence its oxygen supply improved 
Whatever the mechanism of sudden death may 
be, these experimental results indicate that it 
can be favorably influenced by drugs 

13 Villaret, M , Justin-Besangon, L , and Bardin, P 
Physio-pathologie des accidents mortels consecutifs aux 
embolies pulmonaires. Bull et mem Soc med d hop 
de Pans 52 936, 1936, Recherches sur la prevention 
experimentales des accidents consecutifs aux embolies 
pulmonaires, ibid 52 941, 1936 
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The treatment of pulmonary embolism re- 
solves itself into maintenance of an adequate 
oxygen supply to the heart muscle and to the 
respiratory center When there is arterial 
anoxemia, much can be expected from oxygen 
therapy, but alone it may be insufficient A 
pressor drug, such as epinephrine, might be 
expected to improve the blood supply to the 
heart and to the medulla, but use of this drug 
may be unsuitable under the circumstances Its 
tendency to produce pulmonary edema has been 
mentioned In addition, epinephrine increases 
general metabolism, increases the work of the 
heart and produces an increase in venous pres- 
sure Ephednne, on the other hand, produces 
a greater and more sustained rise in blood pres- 
sure, at the same time, it does not increase the 
metabolic rate and cardiac work to as great 
an extent as does epinephrine There is, there- 
fore, both theoretic and experimental evidence 
to indicate that ephednne may be useful in 
combating respiratory failure in cases of pul- 
monary embolism Some of the newer pressor 
drugs, such as paredrme (p-hydroxy-fl-methyl- 
phenylethylamine hydrobromide) or paredrinol 
(p-hydroxyphenylisopropylmethyl amine sulfate) , 
may prove even more suitable 

CONCLUSIONS 

Dogs subjected to pulmonary embolism 
showed transient bronchoconstnction 

J 

14 Starr, I , Gamble, C J , Margolies, A , Donal, 
J S , Jr , Joseph, N , and Eagle, E Clinical Study 
of the Action of Ten Commonly Used Drugs on Cardiac 
Output, Work and Size, on Respiration, on Metabolic 
Rate and on the Electrocardiogram, J Clm Investiga- 
tion 16 799, 1937 


The available evidence indicates that broncho- 
constriction is a reflex mediated over the vagus 
nerves and that the afferent impulses are de- 
pendent on a rise m pressure in the right 
chambers of the heart 

Drug therapy may have certain applications, 
although the clinical importance of the broncho- 
spasm IS still open to question Atropine 
apparently prevents bronchospasm, while papav- 
erine produces transitory constriction Both 
drugs have been found useful in the tieatment 
of pulmonary embolism and should be used 
Digitalis m the form and dosage used has no 
appreciable effect on the bronchi It can, and 
should, be used when theie is auricular fibril- 
lation or congestive heart failure without fear 
of possible harmful effects on the bronchi Epi- 
nephrine should not be used as a bronchial 
antispasmodic because of the ready production 
of pulmonary edema following its administra- 
tion 

The death of our experimental animals was 
usually due to respiratory failure Failure of 
the respiratory center is complex and inextricably 
bound up with failure of the circulation Thera- 
peutic agents most likely to support both the 
circulation and the respiratory center appear to 
be (1) oxygen, (2) papaverine and (3) drugs 
capable of raising the systemic blood pressure 
without producing undesirable side effects 
Ephednne fulfils the last requirements reasonably 
well 

This work was done with the technical assistance of 
Miss Alice M Lennon 

29 Bay State Road 

Alassachusetts Memorial Hospitals 


URINARY EXCRETION OF NICOTINIC ACID AND ITS DERIVATIVES 
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Numerous studies have been made of the 
excretion of nicotinic acid and its derivatives in 
the urine, but as yet no satisfactory test has 
been devised for evaluation of the nutritional 
status of a person with regard to nicotinic acid 
Deficiency is diagnosed on the basis of clinical 
findings In view of the importance of nicotin- 
amide in intermediary metabolism, a procedure is 
needed which will detect mild states of deficiency 
and indicate the degree of depletion in the tissues 
Valuable contributions toward this end have been 
made by many investigators, including Melnick, 
Field and their collaborators ^ and Perlzweig and 
his co-workers ^ Recently, Perlzweig, Sarett and 
Margohs ® suggested that the urinary excretion 
following the administration of 500 mg of nico- 
tinamide may serve as a test of nutritional con- 
dition in relation to nicotinic acid 

The object of this investigation was to study 
further the urinary excretion of nicotinic acid and 
Its derivatives and, if possible, to devise a test 
which would assist in estimating the adequacy or 
deficiency of the supply of this vitamin in the 
human subject Some of the findings were 
reported in a preliminary npte^ Observations 
were made for 13 normal persons, 24 hospitalized 

Technical assistance was rendered by Herschel Welch, 
M S , Lillian Kyame, B S , and Shirley Cordill, B A 

From the Department of Medicine, School of 
Medicine, Tulane University and Chanty Hospital of 
Louisiana 

Aided m part by a grant from the Eh Lilly Company 
to the Department of Tropical Medicine, Tulane Uni- 
versity School of Medicine 

1 (a) Field, H , Jr , Melnick, D , Robinson, W D , 

and Wilkinson, C F, Jr Studies on the Chemical 
Diagnosis of Pellagra (Nicotinic Acid Deficiency), J 
Clin Investigation 20 379, 1941 (6) Melmck, D , and 

Field, H , Jr Determinations of Nicotinic Acid by 
Means of Photoelectric Colorimetry, J Biol Chem 
134 1, 1940 

2 (o) Perlzweig, W A , Levy, E D , and Sarett, 
H P Nicotinic Acid Derivatives in Human Urine and 
Their Determination, J Biol Chem 136 729, 1940 
(6) Sarett, H P , Huff, J W , and Perlzweig, W A 
Studies in Nicotinic Acid Metabolism I The Fate of 
Nicotinic Acid in Man, J Nutrition 23 23, 1942 

3 Perlzweig, W A , Sarett, H P , and Margohs, 
L H Studies in Nicotinic Acid Metabolism V A 
Test for Nicotinic Acid Deficiency in Man, JAMA 
118 28 (Jan 3) 1942 

4 Goldsmith, G A Evaluation of Nicotinic Acid 
Nutrition by Studies of Urinary Excretion, Proc Soc 
Exper Biol & Med 51 42, 1942 


patients with various acute and chronic diseases 
and 26 patients with clinical evidence of deficiency 
of one or more members of the B group of vita- 
mins Thirteen of the patients in this last group 
had typical pellagra, 10 had symptoms of nico- 
tinic acid deficiency without dermatitis, 2 had 
anboflavinosis and 1 had polyneuritis due to 
lack of thiamine The hospitalized patients with- 
out clinical evidence of deficiency disease were 
all members of the lower income group of the 
population, and their dietary histones often indi- 
cated an inadequate supply of the vitamin B 
complex The diseases for which these persons 
entered the hospital were such that in many 
instances there may have been poor absorption 
or increased need of vitamins The amount of 
nicotinic acid and its derivatives excreted was 
determined for each subject in one or more of 
the following circumstances (1) in twenty- 
four hours with no administration of nicotinic 
acid or its derivatives, (2) in twenty-four hours 
after oral or parenteral administration of 100 
mg of nicotinic acid, sodium nicotmate or nico- 
tinamide, (3) m twenty-four hours after oral 
administration of 300 mg of nicotinamide, and 
(4) in SIX hours after oral administration of 
300 mg of nicotinamide Prior to each of 
these examinations, the patient was given a diet 
from which foods with high content of trigonel- 
line (coffee, nuts and leguminous vegetables) 
were omitted Such a diet is essential to the 
test, since nicotinic acid is excreted in the urine 
largely as trigonelline 

METHOD 

The method used for the determination of nicotinic 
acid and its derivatives was that of Perlzweig, Levy and 
Sarett with minor modifications, including several 
suggested by Dann and Handler s Five to 20 cc. of 
urine, the amount depending on the probable concentra- 
tion of nicotinic acid, was concentrated, hydrolyzed, 
adjusted to 0 S to 1, adsorbed on and eluted from 
Lloyd’s reagent and treated with lead mtrate, as out- 
lined by Perlzweig The lead was removed by adding 
normal potassium phosphate (KsPOi) until a permanent 
faint pink color was obtained with phenolphthalein as 
an indicator After centrifugation, the supernatant fluid 
was poured off and the acidity adjusted to ps 4 5, 
alkaline-acid test paper being used as an indicator 

5 Dann, W J , and Handler, P The Quantitative 
Estimation of Nicotinic Acid in Animal Tissues, J Biol 
Chem 140 201, 1941 
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The development of color with cyanogen bromide and 
paramethylaminophenol sulfate was carried out as indi- 
cated by Perlzweig2a except that 1 cc of 10 per cent 
potassium biphosphate (KH 2 PO 4 ) was added to each 
of the tubes After one hour during which the tubes 
were kept in the dark to permit the development of color, 
readings were made in a Klett-Summerson photoelectric 
colorimeter, using a no 511 Corning filter In each 
experiment a standard solution of nicotinic acid (con- 
taining 10 or 20 micrograms) was subjected to develop- 
ment of color A reagent blank was prepared, as was 
a blank for the correction for residual color in the test 
solution obtained from urine 

In the determination of trigonelline the method of 
Perlzweig was followed, except that double the quantity 
of urea and alkali was used in most of the experiments 
Larger amounts of trigonelline were recovered with this 
procedure, although the recoveries fell considerably short 
of those reported by Perlzweig 

>, The method for the determination of acid-hydrolyzable 
derivatives of nicotinic acid*' was highly satisfactory 
The average recovery of nicotinic acid added to urine 
in a senes of 38 tests was 98 03 rt 1 98 per cent Nico- 
tinamide was recovered equally well The method for 
the determination of trigonelline, however, permitted re- 
covery of only 40 to SO per cent of the amount added 
Nevertheless, repeated analyses of the same urine on 
different days and with samples of various sizes gave 
consistent results in most instances The figures for 
trigonelline throughout this paper are given as nicotinic 
acid and represent the amount actually determined by 
analysis 

Urine was preserved with toluene, and if not tested 
immediately after collection it was autoclaved at 15 
pounds’ (6 8 Kg ) pressure for fifteen minutes, after 
the reaction had been adjusted to pB 7 In 13 experi- 
ments there was no loss when tests were repeated after 
two to thirteen days Neither toluene nor sulfuric acid 
was a satisfactory preservative when urine was stored 
longer than twenty-four hours 

OBSERVATIONS 

Excretion oj Nicohmc Aad and its Derivatives 
m the Urine in Twenty-Foia Hours — Studies 
were made on 10 normal persons and 37 hos- 
pitalized patients, of whom 12 had clinical evi- 
dence of nicotinic acid deficiency and 2 of aribo- 
flavmosis The nicotinic acid deficiency was com- 
plicated by peripheral neuritis in 1 patient and 
by a lack of riboflavin in 4 others The results 
are given in the table There was no difference 
m the amount of nicotinic acid (acid-hydrolyz- 
able derivatives) excreted by normal persons 
and by patients with or without deficiency dis- 
ease The amount of trigonelline excreted, how- 
ever, was lowest in patients with pellagra and 
ariboflavinosis, highest in normal persons and 
intermediate in the hospitalized patients with- 
out obvious vitamin deficiency The level of 
excretion of the 2 patients with evidence of only 
ariboflavinosis was as low as that of patients 
with lesions of both nicotinic acid and riboflavin 
deficiency Since there is considerable overlap- 

6 In the remainder of this paper, acid-hydrolyzable 
derivatives of nicotinic acid will be referred to as nico- 
tinic aad 


ping of the findings for the three groups, estima- 
tion of the excretion of either trigonelline or 
total derivatives of nicotinic acid m a twenty- 
four hour specimen of urine is an unsatisfactory 
test of the adequacy of nutrition in relation to 
nicotinic acid m a given patient 

The figures listed m the table are corroborative 
of those of several other investigators Perlzwig 
and his co-workers repoited an average excre- 
tion of 1 2 mg of nicotinic acid and 15 1 mg of 
trigonelline in twenty-four hour specimens of 
urine for 33 noimal subjects In 12 hour speci- 
mens ^ the average output of trigonelline was 10 
mg for normal persons and 7 7 mg for hospital- 
ized patients Field,^** using a different chemical 
method, found an average daily excretion of 3 8 
mg of nicotinic acid and 19 5 mg of trigonelline 
for 10 normal persons, while for 7 subjects with 
vitamin deficiency the excretion of nicotinic acid 
averaged 2 7 mg and that of trigonelline 3 1 mg 

Bvaetton of Derivatives of Nicotinic Acid in the 
Urine in Twenty-Four Hours 


Nicotinic Trigonelline, Total, 

Acid,* Mg Mg Mg 
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* Acid hydrolyzable derivatives of nicotinic acid 
t Hospitalized patients with no clinical evidence of deficiency 
disease 


Excretion oj Nicotimc Aad and its Deriva- 
tives m the Urine in Twenty-Four Hours Follow- 
ing the Administration oj 100 mg oj Nicotinic 
Acid, Sodium Nicotinate or Nicotinamide ’’ — 
Nineteen persons for whom the urinary excre- 
tion of nicotinic acid in twenty-four hours had 
been measured were given test doses of 100 mg. 
of nicotinamide parenterally (10 persons), so- 
dium nicotinate parenterally (6 persons) or nico- 
tinic acid orally (3 persons) Chart 1 shows the 
total excretion of derivatives of nicotinic acid 
(both nicotinic acid and trigonelline) in twenty- 
four hours after the administration of the test 
dose and also indicates the amount of the 100 mg 
dose which was recovered in this period obtained 
by subtracting from the total amount excreted the 
quantity present in the control twenty-four hour 
specimen Normal persons excreted larger 
amounts of nicotinic acid derivatives after the 
test dose than did either group of hospitalized 
patients Greater differences are observed if 

7 The nicotinic aad, sodium nicotinate and nico- 
tinamide were supplied by Merck and Company 
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the total amount excreted m twenty-four hours 
after the test dose is considered lather than the 
extra amounts excreted That is, the test dose 
magnifies the differences pieviously noted in 
the control measurement of the twenty-four 
hour excretion This test, however, will not 
completely differentiate normal from deficient 
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Chart 1 — Urinary excretion of derivatives of nicotinic 
acid in twenty-four hours after a test dose of 100 mg 
of nicotinamide, sodium nicotinate or nicotimc acid 


subjects The output in 1 deficient patient 
(with ariboflavinosis) exceeded that of several 
normal persons The 4 patients with pellagra 
excreted less than did the normal subjects, 
as did 6 of the 8 hospitalized patients with- 
out clinical signs of vitamin deficiency The 
results were similar for each of the test sub- 
stances administered, except that nicotinamide 
was excreted almost entirely as trigonelline, while 
sodium nicotinate and nicotinic acid increased 
the excretion of both trigonelline and acid-hydro- 
lyzable derivatives of nicotinic acid 

Excretion oj Nicotinic Acid and its Derivatives 
in Twenty-Four Hours after the Oral Adminis- 
tration of 300 mg of Nicotinamide — ^This test 
was performed on 31 persons, 10 normal subjects, 
13 hospitalized patients without clinical evidence 
of deficiency disease and 8 patients with deficiency 
of the vitamin B complex (7 with nicotinic acid 
deficiency and 1 with ariboflavinosis) Chart 2 
shows the total output of derivatives of nicotinic 
acid in twenty-four hours after 300 mg of nico- 
tinamide was given orally The quantity of the 
test dose which was recovered in this period is 
also indicated The additional excretion was 
calculated by subtracting the amount excreted in 
the control period of twenty-four hours Nine of 
the 10 normal persons excreted more than 40 mg 
of derivatives of nicotinic acid in the urine after 
the test dose In only 1 patient with deficiency 
disease was the output above 40 mg This sub- 
ject had glossitis characteristic of an inadequate 
supply of nicotinic acid About one half of the 
hospitalized patients without clinical evidence of 


vitamin deficiency excreted more and the other 
half less than 40 mg The figures which indicate 
the extra excretion, that is, the increment after 
the test dose, show a similar distribution From 
normal persons, with 1 exception, 25 mg or more 
of the test dose was recovered, from deficient 
subjects, with the 1 exception already discussed 
less than 25 mg was recovered, while for hospital 
patients without vitamin deficiency the recovery in 
approximately half the instances was less and in 
half more than 25 mg It appeals to be unneces- 
sary to measure the excretion in a control period 
Measurement of the total excretion in twenty- 
four hours after the test dose gives information 
similar to that obtained from estimation of the 
quantity of test material recovered 

The findings reported here may be compared 
with those of Perlzweig, Sarett and Margolis,® 
who determined the extra excretion of total nico- 
tinic acid in twelve hours after giving 500 mg of 
nicotinamide They found that normal persons 
excreted a larger quantity of the test dose, than 
did undernourished subjects from a National 
Youth Administration camp, while a group of 
hospitalized patients excreted a still smaller 
amount The studies of Perlzweig and his 
associates and those reported here suggest that 
the amount of the derivatives of nicotinic acid 
excreted after ingestion of a test dose of nicotin- 
amide gives some indication of the state of nutri- 
tion m relation to nicotinic acid 

Urinaiy Excietion of Nicotinic Acid and its 
Deiivatives in Six Hours after the Oral Adminis- 
ti ation of 300 mg of Nicotinamide — In view of 
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Chart 2 — Urinary excretion of derivatives of nicotinic 
acid in twenty-four hours after the oral administration 
of 300 mg of nicotinamide 


the difficulties involved m collecting twenty-four 
hour specimens of urine, the excretion m six hours - 
was determined m 29 of the 31 subjects who 
received 300 mg of nicotinamide It was found 
that the output of nicotinic acid and its deriva- 
tives m six hours measured approximately 50 
per cent of the excretion m twenty-four hours 
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(chart 3) The shorter test gives infoimation 
comparable to that derived from the longer one 
Accordingly, the quantity of derivatives of 
nicotinic acid excreted in the urine m six hours 
after the administration of 300 mg of nicotin- 
amide was determined for 44 subjects, 13 normal 
persons, 13 hospitalized patients without vitamin 
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Chart 3 — Comparison of urinary excretion of deriva- 
tives of nicotinic acid in six hours with that in twenty- 
four hours after the oral administration of 300 mg of 
nicotinamide 


deficiencies and 18 patients with deficiency of the 
vitamin B complex Eight of the deficient sub- 
jects had typical pellagra, 8 had nicotinic acid 
deficiency without dermatitis, 1 had thiamine 
deficiency and 1 had riboflavin deficiency The 
nicotinic acid deficiency was complicated in 5 
instances by ariboflavinosis and in 2 by periph- 
eral neuritis due to lack of thiamine hydro- 
chloride 

In performing the six hour excretion test it is 
essential to administer enough fluid to obtain a 
volume of urine of at least 200 cc There is no 
quantitative relationship between the total excre- 
tion of nicotinic acid and the volume of urine, but 
when the output of fluid is extremely small the 
subject’s maximum excretion of nicotinic acid 
may not be obtained The results for the 44 per- 
sons who were given the six hour test are pre- 
sented in chart 4 The minimum excretion for 
normal subjects after an oral test dose of 300 mg 
appears to be between 20 and 25 mg in six hours 
Of 13 normal persons, only 2 excreted less than 
23 mg Repetition of the test on several occas- 
ions for 3 of the subjects gave results which 
checked within a few milligrams Five of the 
hospitalized patients without evidence of defici- 
ency disease excreted 20 mg or more m six 
hours , 8 excreted less than this amount Fifteen 
of the 18 patients with clinical signs of deficiency 
of nicotinic acid and/or the other B vitamins 
excreted 20 mg or less m the test period The 
amount excreted did not vary directly with the 
seventy of the pellagra A number of the hos- 
pitalized patients with acute and chronic disease 
excreted as small a quantity of nicotinic acid 
and its derivatives as did some patients with pel- 


lagra In all likelihood these findings indicate 
a subclinical nicotinic acid vdeficiency The pre- 
vious diet of these patients had been poor, and 
the intake, absorption and utilization of nutrients 
were complicated by organic disease In other 
deficiency states, such as those due to an inade- 
quate supply of thiamine or of ascorbic acid, lab- 
oratory tests often show diminished excretion of 
the respective vitamin prior to the appearance of 
clinical signs of deficiency Similar findings 
might be anticipated m nicotinic acid deficiency 
The 3 subjects with clinical evidence of vita- 
min deficiency who had levels of excretion m 
the range of the normal subjects (above 20 mg ) 
warrant comment One had acute hepatitis fol- 
lowing arsenical therapy for syphilis, the second 
had cirrhosis of the liver and the third had 
chronic alcoholism and polyneuritis The first 
2 patients had both glossitis and cheilosis, indic- 
ative of riboflavin and nicotinic acid deficiency, 
and, m addition, definite signs of severe hepatic 
disease The third patient had evidence only 
of thiamine deficiency, and the bodily stores 
of nicotinic acid may have been adequate Im- 
pairment of hepatic function may have been 
present in this patient also, m view of the his- 
tory of chronic alcoholism, but special tests were 
not performed The findings suggest the possi- 
bility that when hepatic function is abnormal 
the body may be unable to retain and utilize 
nicotinamide However, many factors doubt- 
less influence the excretion of nicotinic acid, 
and nicotinic acid is probably excreted in forms 
other than those which were measured with the 
chemical methods used ® 



Chart 4 — Urinary excretion of derivatives of nicotinic 
acid in SIX hours after the oral administration of 300 
mg of nicotinamide 


T wo patients with pellagra ° were given the 
SIX hour test of excretion of nicotinic acid at 

8 Najjaf, V A , Stem, H J , Holt, L E , Jr , 
and Kohler, C V Excretion of Specific Fluorescent 
Substances in Urine in Experimental Nicotinic Acid 
Deficiencj, J Clin Investigation 21*236, 1942 

9 The findings for these patients are not included 
in chart 4 
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the time of entrance to the hospital and after 
a period of therapy^ with nicotinic acid One 
patient, a Negro woman aged 26, excreted 98 
mg of derivatives of nicotinic acid when tested 
before any therapy was given She received 
300 mg of nicotinamide daily for four weeks 
When letested at the end of this period, she 
excreted 16 3 mg All evidence of pellagra had 
disappeared, except for pigmentation of the 
skin on the backs of the hands, and that was 
deci easing in intensity The other patient, a 
white gnl 10 yeais of age, excreted 8 8 mg of 
derivatives of nicotinic acid when the test dose 
was given shortly after admission to the hos- 
pital She received 200 mg of nicotinic acid 
daily for three weeks, and repetition of the test 
showed an excretion of 11 9 mg This patient 
was gieatly improved at the time of the second 
test but still showed slight pigmentary changes 
No nicotinic acid was given to either of these 
subjects for two days before the second test 
was performed These data lend support to 
the validity of the six hour excretion test as a 
measure of the status of nutrition with regard 
to nicotinic acid 


SUMMARY 

The urinary excretion of nicotinic acid and 
its derivatives was studied for 63 persons under 
various experimental conditions The total ex- 
cretion of derivatives of nicotinic acid was 
greatest in normal persons, next highest in hos- 
pitalized patients without evidence of deficiency 
disease and lowest in patients with pellagra 
and vitamin B complex deficiency This is true 
whether the output in twenty-four hours is mea- 
sured or the output during various intervals after 
the administration of a test dose of nicotinic acid 
or nicotinamide The difference in the total 
amount excieted by subjects in the three groups 
IS due almost entirely to variations m the out- 
put of trigonelline The administration of a 
large test dose of nicotinic acid, sodium nicotin- 
ate or nicotinamide magnifies this difference 
Measurement of the quantity of derivatives of 
nicotinic acid excieted in six hours following 
the oral administration of 300 mg of nicotin- 
amide is suggested as a useful procedure in 
evaluating the nutritional status of a person with 
regard to nicotinic acid 
1430 Tulane Avenue 


SUBACUTE ENDOCARDITIS ASSOCIATED WITH INFECTION 

WITH A SPIRILLUM 

REPORT OF A CASE, WITH REPEATED ISOLATION OF THE 
ORGANISM FROM THE BLOOD 
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Clinical syndromes following rat bite have been 
ascribed to two micro-organisms, Strepto- 
bacillus moniliformis (Streptothrix, as originally 
described by Schottmuller) and Spinlltim 
ramus Ttie latter orgamsm is q£ special interest 
m connection with the case about to be reported 
The present concept that rat bite fever is due 
to infection with a spirillum dates back to 
1916, when Futaki, Takaki, Tanigiichi and 
Osumi ^ described an unnamed spirochetal micro- 
organism as “the cause of rat-bite fever ” One 
year later Futaki and his associates ^ termed this 
organism Spirochaeta morsus muris On the 
basis of morphologic characteristics, especially 
the rigid body and the terminal flagellums, Rob- 
ertson ® preferred to classify the causal agent of 
rat bite fever (sodoku) as a spirillum In view 
of the resemblance of the terminal flagellums to 
the minus sign, he proposed to adopt the name 
Spirillum minus, originally given by Carter,^ for 
an organism isolated from a rodent 

The etiologic relation of S minus to rat bite 
fever has been established beyond doubt, although 
the literature reveals that, at least in the United 
States, a disease with a clinical picture indistin- 
guishable from that of rat bite fever is caused 
more frequently by Str moniliformis than by 
the spirillum Brown and Nunemaker ® implied 
that some patients with rat bite fever may have 
been infected with both organisms 

From the Laboratories and the Second Medical 
Service of Dr Eli Moschcowitz, the Mount Sinai 
Hospital 

1 Futaki, K , Takaki, I , Taniguchi, T , and 
Osumi, S The Cause of Rat-Bite Fever, J Exper 
Med 23 249-250, 1916 

2 Futaki, K , Takaki, I , Taniguchi, T , Jind Osumi, 
S Spirochaeta Morsus Muris, N Sp, the Cause of 
Rat-Bite Fever, J Exper Med 25 33-44, 1917 

3 Rohextsdu., A Obs-exvatvitv Cajisil 

Organism of Rat-Bite Fever in Man, Ann Trop Med 
18 157-175, 1924 

4 Carter, H V Note on the Occurrence of a 
Minute Blood Spirillum m an Indian Rat, Scient 
Mem Med Off India, 1887, pt 3, p 45 

5 Brown, T , and Nunemaker, J C Rat-Bite 
Fever A Review of the American Cases with Re- 
evaluation of Etiology, Report of Cases, Bull Johns 
Hopkins Hosp 70 202-327, 1942 


Cases of rat bite fever due to S minus have 
occurred only endemically m the United States 
One set of studies has been concerned with cases 
m which the diagnosis was made on the basis of 
a typical clinical picture and a definite history of 
rat bite Among these cases were many m which 
the diagnosis was made by inoculation of labora- 
tory animals (mice, rats and guinea pigs) with 
material from the lymph nodes ° or the patient’s 
blood and subsequent daik field observation of 
the micro-organism m the blood of the inoculated 
animals In several of these cases S minus was 
observed on direct dark field examination of the 
patient’s blood ® and of material from the v ound,'’'* 
and m some cases bacteriologic confirmation was 
not obtained ° 

To another group of cases belong those m 
which the occurrence of an animal bite was 
either denied or not recognized Animal in- 
oculations, however, proved that S minus was 
the causative organism 

A review of the subject of rat bite fever leaves 
one with the impression that, despite positive 
reports, the isolation of S minus from the 
patient’s blood has thus far not been clearly suc- 
cessful Bayne-Jones,’-’^ m 1931, quoted a per- 
sonal communication from the Japanese investi- 
gators Futaki, Takaki, Taniguchi and Osumi ^ 

6 Gilkey, H M , and Dennie, C C Rat-Bite 
Fever m Children, South M J 32.1109-1111, 1939 
Woolley, P V , Jr Rat-Bite Fever Report of a 
Case with Serologic Observations, J Pediat 2 693-696, 
1936 

7 Lamb, A R , and Paton, F W A Case of 
Vegetative Endocarditis Caused by Hitherto Unde- 
senbed Spirillum (Spirillum Surati, N S), Arch Int 
Med 12 259-272 (Sept ) 1913 

8 Low, C G A Case of Rat-Bite Fever in 
England, Brit M J 1 236, 1924 Lamb and Paton ’’ 
Rogliano, A G Two Cases of Rat-Bite Fever^ 
Surgery 11 632-635, 1942 

9 Arkin, A Rat-Bite Fever A Case Report, 
West Virginia M J 15 281-284, 1920-1921 Gilkey 
and Dennie ® 

10 Walker, H Rat-Bite Fever Report of Two 
Cases, Virginia M Monthly 64:272-275, 1937 Lamb 
and Paton ’’ 

11 Bayne-Jones, S Rat-Bite Fever in the United 
States, Internat Clin 3 235-253, 1931 
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m which they withdrew then previous claim of 
having been able to grow the spirillum on Shima- 
mine’s medium Attempts by Robertson,® 
Knowles and Das Gupta and McDermott to 
repeat Jodes’s cultivation of the micro-organism 
on a modified foim of Vervoort’s medium were 
nevei successful 

Foncannon reported the cultivation of 
"Spirochaeta morsus muris” from the patient’s 
blood m 1 case He failed, howevei , to mention 
the method employed In 1930 Douthwaite 
leported that actively motile spirilla were ob- 
served from trypsinized bullock’s heart inocu- 
lated with patient’s blood Mice were inoculated 
with the cultuie, and the micro-organism per- 
sisted 111 the peripheral circulation for a few days 
In 1913 Lamb and Paton " isolated a spirillum 
from the blood of a patient with subacute endo- 
carditis The}^ named the organism Spirillum 
surati, aftei the locality in India in which the 
disease was presumably contracted It will be 
seen latei that the ease with which the micio- 
organism grew after a short peiiod of incubation 
makes its nature somewhat doubtful 

Recently, in Mount Sinai Hospital, we have 
had under study an unusual case of subacute 
endocarditis m which the causative micro-or- 
ganism was S minus The causal relation of 
this organism to the endocarditis was suggested 
by clinical and serologic observations and was 
established bactenologically Pathologic and 
bactenologic confirmation was obtained at au- 
topsy The relation of this micro-organism to 
the causative spirillum of rat bite fever was sug- 
gested b)- its morphologic characteristics, the 
serologic evidence and the behavior in mice 

REPORT or CASE 

A man aged 23 entered Mount Smai Hospital (service 
of Dr Ell Moschcowitz) on March 28, 1942 

Past History — The patient had worked on a tanker 
between Texas and New York and as a truck helper 
about freight yards There was no history suggestive 
ot syphilis, rheumatic fever or chorea A Wassermann 
test of the blood made elsewhere was reported to give 
a negative reaction 

Previous Illness — About two months before his ad- 
mission to the hospital the patient had fever, with a 
temperature of 105 F , and a pain in the right side of 
the chest A physician made the diagnosis of pneu- 

12 Knowles, R , and Das Gupta, B M Rat-Bite 
Fever as an Indian Disease, Indian M Gaz 63 493- 
512, 1928 

13 McDermott, E N Rat-Bite Fever A Study of 
the Experimental Disease, with a Critical Review of 
the Literature, Quart J Med 21 433-458, 1928 

14 Jodes, T Cultivation of the Spirillum of Rat- 
Bite Fever, Lancet 2 1225-1226, 1925 

15 Foncannon, F Rat-Bite Fever, J Kansas M 
Soc 31 331-333, 1930 

16 Douthwaite, A H Rat-Bite Fever, Guy’s Hosp 
Gaz 44 438-441, 1930 


monia with pleurisy, and sulfonamide compounds were 
administered The patient recovered 

Five weeks before admission to Mount Smai Hospital 
he had a dizzy spell, followed by a chill, and his tem- 
perature rose to 103 F He complained of headache, 
recurring spells of dizziness, stiffness of the neck and 
tenderness and pain in the left upper abdominal quad- 
rant These symptoms persisted for three days, and 
he was admitted to a hospital with the probable diag- 
nosis of meningitis 

Clinical Course On admission (in February 
1942) the temperature was 100 8 F and the pulse rate 
95 a minute The patient appeared acutely ill The 
lungs were clear The heart beat was regular, there 
were a loud, blowing systolic murmur at the apex, 
and a high-pitched diastolic murmur to the left of the 
sternum m the third intercostal space The abdomen 
was moderately tender, with “splinting” m tire left 
upper quadrant The spleen was felt 1 fingerbreadth 
below the costal margin The liver was palpable 
Neurologic examination revealed no abnormality except 
for stiffness of the neck 

Laboratory Data The red blood corpuscles num- 
bered 4,000,000 , the hemoglobin measured 10 5 Gm 
per hundred cubic centimeters, and the white cell count 
was 8,000, with 55 per cent polymorphonuclear leuko- 
cvtes and 34 per cent lymphocytes The urine con- 
tained no protein or dextrose, agglutination tests of the 
blood serum gave negative reactions for typhoid and 
brucellosis, the test for heterophil antibodies gave a 
negative reaction The Wassermann reaction of the 
blood was 4 plus, the Hinton reaction was positive, 
and the Kline reaction was 2 plus Two spinal punctures 
were made The first spinal tap induced trauma, the 
pressure was 160 mm of water, the reaction for globulin 
was 3 plus, the Wassermann reaction was 4 plus, and 
culture of the fluid yielded no grow'th The second 
spinal tap yielded clear fluid, the pressure was not 
increased, the reaction for globulin was negative, the 
Wassermann reaction was 3 plus, and the colloidal gold 
curve was characteristic of dementia paralytica There 
were no cells 

The patient’s temperature dropped, and the headache 
and stiffness of the neck disappeared within three or 
four davs after his admission He was discharged on 
March 6 to the antisyphihtic clinic for treatment It 
may be added that the serologic reactions of both parents 
were negative 

Physical Status Prior to Admission to Mount Stnai 
Hospital — ^The patient had already received several 
injections of a bismuth preparation before he consulted 
one of us (W M H ), on March 24 He complained 
of remittent malaise, chilliness and excessive perspira- 
tion There was severe pain in the left thumb, and a 
small, nontender ecchymotic area was present over each 
ankle An aortic diastolic murmur and an apical sys- 
tolic murmur, radiating to the left axilla, w'ere audible 
Sediment from a centrifuged specimen of the urine 
contained a few red blood cells per high power field 

In view of the unusual prodromal course, the absence 
of a positive history of syphilis, the presence of the 
awdible murmurs of aortro aud mitral msufhciency, the 
firm spleen, which was palpable 2 fingerbreadths below 
the costal margin, the embolic lesions, the presence 
of occasional red blood cells in the urine and the relative 
well-being of the patient, the diagnosis of subacute 
bacterial endocarditis superimposed on rheumatic heart 
disease was made 

The positive Wasserman reaction was thought to be 
a pseudoreaction to the existing infection With this 
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diagnosjs he was referred to the Mount Sinai Hos- 
pital for further study 

Chntcal Conise at Mount Svtai Hospital — On the 
patient’s admission to the hospital, the physical findings 
of the referring physician, described previously, were 
confirmed The lesions of the ankle and thumb were 
no longer visible or palpable, and no othei embolic 
lesions were present 

The provisional diagnoses were subacute bacterial 
endocarditis, possibly superimposed on rheumatic cardio- 
valvular disease, and syphilitic aortitis, with aortic 
insufficiency to be ruled out 

The following clinical notes were taken during the 
patient’s stay in the hospital ' 

March 30 The hemoglobin concentration was 87 per 
cent, the white blood cell count was 7,750, with 46 
per cent segmented and 10 per cent nonsegmented poly- 
morphonuclear leukocytes, 34 per cent lymphocytes, 
7 per cent monocytes, 2 per cent eosinophils and 1 per 
cent basophils The Wassermann reaction of the blood 
was 4 plus and the Kahn reaction 3 plus The specific 
gravity of the urine was 1 030 , the urine contained no 
protein or sugar and only an occasional red blood cell 
Culture of a specimen of blood taken at this time was 
reported to yield no growth four days later 

April 1 The sedimentation rate of erythrocytes by 
the Cutler tube method was 18 mm m one hour and 
SIX minutes, a normal value 

April 3 A roentgenogram of the chest revealed no 
abnormality of the heart or lungs A specimen of the 
blood taken at this time and cultured m an atmosphere 
of 3 5 per cent carbon dioxide was reported six days 
later to be positive for a micro-organism resembling 
S minus, the causative organism of rate bite fever 

April 7 The cerebrospinal fluid was clear and the 
pressure normal The Pandy reaction was 4 plus, the 
reaction for globulin was plus-minus , the sugar content 
was 55 mg per hundred cubic centimeters , Wasser- 
mann reaction was negative, and the colloidal gold curve 
was 1111100000 

April 9 The Wassermann reaction of the blood was 
4 plus, and the Kahn reaction, 3 plus The tuberculin 
patch test gave a negative reaction The Frei test was 
negative for lymphogranuloma venereum A blood cul- 
ture was reported positive six day later for a micro- 
organism resembling S minus 

April 15 The diagnosis of subacute endocarditis 
due to infection with a spirillum was now suggested as 
an explanation for both the clinical course and the 
serologic reactions 

April 20 The patient complained of pain in the tip 
of the fourth finger of the left hand The area was 
tender to pressure, but there were no external mani- 
festations of embolism 

April 21 The optic disks were normal An intra- 
venous injection of 0 5 Gm of tryparsamide was given 
A fourth blood culture was reported positive for S 
minus SIX days later 

April 27 Prior to this date the patient displayed 
almost normal strength and was apparently free from 
symptoms, he often asked to be discharged A pain- 
ful area suddenly developed on the anterolateral aspect 
of the left ankle There was no redness or edema at 
the site of maximum tenderness A diagnosis of teno- 
synovitis of the tendons of the extensor muscles was 
made 

April 28 Neoarsphenamine, 0 1 Gm , was injected 
intravenously 

April 30 Neoarsphenamine, 0 2 Gm , ^\as given 
intravenously 


May 2 Neoarsphenamine, 0 13 Gm , was given intra- 
venously The blood culture was reported negative for 
the spirillum twelve days later 

May 4 The hemoglobin was 82 per cent, and tlie 
white blood cell count, 6,300, with 45 per cent segmented 
and 14 per cent nonsegmented polymorphonuclear leuko- 
cytes, 34 per cent lymphocytes, 6 per cent monocytes 
and 1 per cent plasma cells 

May 5 Except for unusual axis deviation, the elec- 
trocardiogram was normal , 

May 8 Neoarsphenamine, 0 4 Gm, was given intra- 
venously 

May 9 The sixth blood culture was reported posi- 
tive for S minus five days later 
May 13 The Wassermann reaction of the blood 
was 4 plus, and the Kahn reaction 3 plus Neoarsphen- 
amine, 0 5 Gm , was given intravenously The tempera- 
ture rose to 102 F It was observed that similar eleva- 
tions, to between 101 and 102 8 F , had occurred previ- 
ously at approximately thirteen to seventeen day 
intervals 

May 20 In view of the apparent ineffectiveness of 
neoarsphenamine, the five day continuous drip method 
of arsenical medication was begun, under the direction 
of Dr L Chargin Half the therapeutic dose usually 
given to syphilitic patients, i e , 0 12 Gm of maphar- 
sen in 500 cc of 5 per cent dextrose, was administered, 
without febrile or other untoward reactions 
May 21 Mapharsen, 0 12 Gm m 500 cc of 5 per 
cent dextrose, was given intravenously The hemo- 
globin concentration was 85 per cent, the white blood 
cells numbered 7,500, with 33 per cent segmented and 
8 per cent nonsegmented polymorphonuclear leuko- 
cytes, 46 per cent lymphocytes, 10 per cent monocytes, 
1 per cent eosinophils and 2 per cent basophils The 
spleen was not tender and was enlarged to 2 or 3 
fingerbreadths below the costal margin 
May 22 Mapharsen, 0 12 Gm in 500 cc of 5 per 
cent dextrose, was given intravenously The hemo- 
globin concentration was 80 per cent, and the white 
blood cells numbered 4,500, with a differential count 
similar to that on the preceding day 
May 23 Mapharsen, 0 12 Gm in 500 cc of dextrose, 
was given intravenously The hemoglobin concentra- 
tion was 79 per cent, and the white blood cells num- 
bered 6,200 

May 24 Mapharsen, 0 12 Gm , in 500 cc of dextrose, 
was given intravenously 

May 25 A blood culture was reported to be nega- 
tive for the spirillum ten days later 

May 26 Despite the administration of 0 6 Gm of 
mapharsen within five days, the serologic reactions 
remained unchanged 

May 28-30 In the midst of the patient’s apparent 
“good health,” pain suddenly developed in the left 
upper abdominal quadrant and the left shoulder This 
was attiibuted to a splenic infarct, probably at the 
upper pole It served to indicate that an active valvular 
process was still smoldering, despite the negative report 
on the last blood culture The spleen was not tender, 
nor had it increased significantly in size Although 
the urine had almost continuously shown varying traces 
of protein and microscopic evidence of blood, the inci- 
dent of pain was the first clearcut evidence of visceral 
embolization observed in the hospital 

June 2 The blood culture was reported positive for 
S minus SIX days later 

June 9 The blood culture was reported positive for 
S minus SIX days later 
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June 12 Two small circular erythematous macules, 
about 5 mm m diameter, were noted on the outer 
aspect of the sole of the left foot 

June 13 Because the usual antisyphilitic arsenicals 
were ineffective in altering the clinical course and the 
positive blood culture, 1 Gm of tryparsamide was 
administered intravenously, at the suggestion of Dr 
Chargm 

June IS Three small round, tender macules appeared 
on the sole of the left foot Again, severe pain in the 
left upper abdominal quadrant radiated to the left 
shoulder and was intensified by deep breathing The 
spleen was now tender 

June 16 A tender, erythematous lesion appeared 
under the nail of the third right finger The highest 


June 22 Pulmonary edema developed, and the pa- 
tient died 

Bactertologic Data — Cultivation of S minus from 
the Blood Ten specimens of blood were taken for 
culture They were obtained at the bedside in the 
following roubne manner Twenty-three cubic centi- 
meters of the patient’s blood was drawn from an 
anterior cubital vein Fifteen cubic centimeters was 
divided equally among three 100 cc Erlenmeyer flasks, 
the first containing veal infusion broth, ps 74, the 
second, 2 per cent dextrose-veal infusion broth, pa 74, 
and the third, 10 per cent tomato extract-veal infusion 
broth, pa 7 6 18 The remaining 8 cc of blood was 
equally divided to fofm three pour plates Two cubic 
centimeters was mixed with each of two tubes con- 


Table 1 — Bacterwlogic Data on Blood Cultures in a Case of Rat Bite Fever 


Blood 

Culture 

A 

Mediums 

Used * 

Mediums in 
Which 

Micro Organism 
Grew* 

Length of 
Incubation, 

Days 

Specimen 

Taken, 

Day 

After 

Treat 

ment 


Bate 

No 

Treatment Employed 

3/30 

1 

Routine 

No growth 

4, under aerobic and 
anaerobic conditions 


None 

4/ 3 

2 

Routine 

1 2% dextrose 
flask, 1 tomato 
flask 

6, In approximately 

3 6% carbon dioxide 
and under anaerobic 
conditions 


None s 

4/ 9 

3 

Routine 

1 2% dextrose 
flask, 1 tomato 
flask 

6, in approximately 

3 6% carbon dioxide 
and under anaerobic 
conditions 


None 

4/21 

4 

Routine 

1 2% dextrose 
flask, 1 tomato 
flask 

6, in approximately 

3 6% carbon dioxide 
and under anaerobic 
conditions 


None 

5/ 2 

5 

1 plain flask, 

2 2% dextrose 
flasks, 2 tomato 
flasks 

No growth 

12 In approximately 

3 5% carbon dioxide 

Third 

4/21 Tryparsamide, 0 6 Gm intravenously 

4/28 Neoarsphenamine, 0 1 Gm , Intravenously 

4/30 Neoarsphenamine, 0 2 Gm , intravenously 

5/ 9 

6 

3 2% dextrose 
flasks, 2 tomato 
flasks 

1 2% dextrose 
flask, 1 tomato 
flask 

5, In approximately 

3 6% carbon dioxide 

rirst 

6/2 Neoarsphenamine, 0 3 Gm , intravenously 

6/8 Neoarsphenamine, 0 4 Gm , intravenously 

6/25 

7 

2 2% dextrose 
flasks, 3 tomato 
flasks 

No growth 

11, In approximately 

3 B% carbon dioxide 

First 

5/13 Neoarsphenamine, 0 6 Gm , Intravenously 

5/20 Mapharsen, 012 Gm in 600 cc of 5% dextrose 
5/21, 6/22, 5/23 and 6/24 Mapharsen, 0 12 Gm In 
500 cc of 6% dextrose 

6/ 2 

8 

2 2% dextrose 
flasks, 3 tomato 
flasks 

1 tomato flask 

9, In approximately 

3 carbon dioxide 


None 

6/ 9 

9 

2 2% dextrose 
flasks, 3 tomato 
flasks 

3 tomato flasks 

G, In approximately 

3 6% carbon dioxide 


6/13 Tryparsamide, 1 0 Gm , intravenously 

6/18 

10 

2 2% dextrose 
flasks, 3 tomato 
flasks 

No growth 

18 in approximately 

3 S% carbon dioxide 

Fifth 

6/20 Tryparsamide, 2 Gm , Intravenously 


* The mediums containing 2 per cent dextrose and 10 jier cent tomato extract were made up with veal Infusion broth 


temperature for the past seventeen days was 100 6 F 
An abnormal sedimentation rate of twenty minutes was 
reported The Wassermann reaction of the blood was 
4 plus, and the Kahn reaction was 1 plus 
June 18 The temperature rose to 103 8 F Two 
tender, violaceous, slightly raised lesions, of 0 5 inch 
(1 27 cm ) diameter, appeared on the h 3 q)othenar emi- 
nence of each hand The tenth blood culture was 
reported negative for S minus eighteen days later 
June 19 The white blood cell count was 7,250 
June 20 Tryparsamide, 2 Gm , was given intra- 
venously 

June 21 A fresh petechia was noted over the right 
external malleolus There suddenly developed pain in 
the ocaput, nausea, projectile vomiting, painful flexion 
of the neck and a rise in blood pressure to 220 systolic 
and 70 diastolic It was the clinical impression that 
the patient had sustained a subarachnoid hemorrhage 


taming 12 cc of 2 per cent dextrose-veal infusion 
agar, pa 7 4 , 2 cc was mixed with a tube containing 
12 cc of plain veal infusion agar, pa 7 4, and 2 cc was 
put into a tube containing 10 cc of cooked liver broth, 
pa 7 4, which was sealed with 2 cc of sterile petrolatum 
Gram stains of samples from the flasks were made 
each day 

As IS shown in table 1, the first specimen of blood, 
which was incubated under aerobic and anaerobic con- 


17 Shwartzman, G , and Goldman, J L Strepto- 
coccus Haemolyticus Bacteremia, Arch Surg 34 82-98 
(Jan) 1937 

18 Shwartzman, G Food Accessory Substances in 
Bacterial Growth, Proc Soc Exper Biol & Med 22 
7-9, 42-44 and 44-47, 1924 Thjotta, T, and Avery, 
O T Studies on Bacterial Nutrition, J Exper Med 
34 97-114, 1921 Shwartzman and Goldman 
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ditions, remained sterile during the four days of obser- 
vation The second, third and fourth samples of blood 
were cultured in the routine manner except that they 
were placed in an atmosphere of air containing approx- 
imately 3 5 per cent carbon dioxide This atmos- 
mosphere was obtained by placing a lighted candle in 
a glass jar fitted with a petrolatum-sealed cover On 
the sixth day of incubation gram-negative and gram- 
positive spiral micro-organisms were observed on 
stained spreads from the 2 per cent dextrose-veal infu- 
sion broth and the 10 per cent tomato extract-veal 
infusion broth 

Because it became apparent from a study of the initial 
blood cultures that the micro-organism grew only in 
liquid mediums, the fifth and the subsequent specimens 



Fig 1 — Photomicrograph of a spread of material 
taken from the 10 per cent tomato extract-veal infusion 
broth containing the ninth blood culture after eight days 
of incubation, showing blood cells and S minus, the 
organisms being of variable lengths X 1,200, Gram 
stain 

t 

of blood taken for culture were placed only in 2 per 
cent dextrose-veal infusion broth and 10 per cent tomato 
extract-veal infusion broth and incubated in an atmos- 
phere of 3 5 per cent carbon dioxide The fifth specimen 
of blood, culture of which was sterile in all mediums, 
was taken after tryparsamide and neoarsphenamine had 
been administered over a period of eleven days The 
arsenical therapy did not prove effective, however, for 
culture of the sixth specimen, taken twenty-four hours 
after an intravenous course of neoarsphenamine, yielded 

19 Haynes, E The Importance of Culturing Hemo- 
lytic Streptococci Under Increased Carbon Dioxide 
Tension, Am J Clin Path, Tech Supp 6 55-56, 
1942 


growth after only five days of incubation Although 
culture of the seventh sample of blood, which was taken 
after mapharsen therapy, did not reveal S minus, cul- 
ture of subsequent samples yielded the orgamsm Cul- 
ture of blood taken four days before death, however, 
gave negative results 

The micro-organism grew in the presence of carbon 
dioxide on the first transplant from the original blood 
culture flasks to a 2 per cent dextrose-veal infusion 
broth flask and a 10 per cent tomato extract-veal in- 
fusion broth flask Three to 5 cc of citrated human 
or rabbit blood was added to each of the flasks used 
for the transplant Without the addition of blood, a 
second serial transplant yielded growth in these fluid 
mediums After a third passage the organism failed 
to grow By addition of citrated human blood to the 
2 per cent dextrose-veal infusion broth and the 10 per 
cent tomato extract-veal infusion broth, the micro- 
organism was successfully carried for eighty genera- 



Fig 2 — Treponema recurrentis in the blood in a case 
of relapsing fever m man X 1,400, Wright stain 

The morphologic features clearly differentiating this 
organism from S minus are the greater length and a 
number of regular primary waves of notably wider 
amplitude 

tions, over a period of eleven months, before it finally 
died When first isolated, the spirillum grew only in 
an atmosphere of 3 5 per cent carbon dioxide After 
five months of transplantation, the micro-organism grew 
aerobically 

All attempts to subculture the micro-organism on 
Nichols, Novy and MacNeal agar, semisolid mediums, 
gelatin mediums, chocolate blood agar plates, plain agar 
plates and blood agar plates proved futile This result 
agrees with the work of McDermott,i3 Robertson s and 
Steiner 


20 Steiner, W R A Case of Rat-Bite Fever, Tr 
Am Clin & Climatol A 46 1-5, 1930 
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Each of 4 mice received an intrapentoneal injection 
of 1 cc of the second positive blood culture in the 10 
per cent tomato extract-veal infusion broth The ani- 
mals remained in good condition for ten days Peri- 
toneal washings obtained by a capillary tube were 
examined by means of Gram-stained spreads The 
spirillum was seen in the 'peritoneum on the fifth and 
seventh days after inoculation and disappeared from the 
peritoneum on the ninth day On the fifth day 1 mouse 
was killed, and the spirillum was demonstrated on a 
spread of the heart’s blood stained by the Gram method 
Morphologic Characteristics of S minus Dark field 
illumination of washings of the mouse peritoneum and 
of the blood culture suspension yielded identical pictures 
Actively motile spirilla were seen moving rapidly acioss 
the field The micro-organisms seemed rigid through- 
out their length, they moved forward in spiral fashion, 
while turning about on their longitudinal axis without 
bending 


taken by Dr Gregory Shwartzman, illustrate the 
spirillum described 

Examination of Specimens from the Patient Other 
than the Blood Cultures taken of material from the 
bases of the teeth and of the mine and the cerebrospinal 
fluid failed to reveal the presence of spirilla The 
sediments of two specimens of cerebrospinal fluid, which 
had been centrifuged for ten minutes, were negative 
foi spirilla on dark field examination and in spreads 
stained by the Gram method A specimen of urine ob- 
tained when the patient’s temperature was 102 F and 
centrifuged ten minutes was also negative for the 
spirillum on dark field examination and in spreads 
stained by the Gram method 

Postmortem Observations A spread of the blood 
taken from the heart at autopsy and stained by the Gram 
method revealed the spirilla Crushings of the vegeta- 
tions stained by the Gram method showed the spirilla 
clumped together in large masses 



Fig 3 —Electron micrograph (Dr Gregory Shwartzman) Magnification with the electron microscope, 8,000 , 
photographic magnification, 3 75 , total magnification, 30,000 

A centrifuged specimen of growth from a blood culture was washed in Locke-Ringer solution A drop 
of a light suspension was dried on the surface of a collodion film The dried film was quickly washed by the 
method of Anderson and Mudd and dried in the air before it was mounted on the target 

The complex structure of an undulate body is suggested by the photograph In particular, the processes 
on the side and at the end of the mam body are to be noted The end process possibly is responsible for the - 
appearance of the minus sign described by previous authors 


A Gram stain of the blood culture suspension and 
the peritoneal washings revealed gram-positive and 
gram-negative micro-organisms, of varying sizes and 
shapes Generally, the length of the spirillum ranged 
from one-half to twice the diameter of an erythrocyte 
The undulations were shallow and few, which imparted 
a slender, short appearance to the micro-organism The 
ends of the spirilla were distinct They were either 
straight or tapered, one end being longer than the other 
The Giemsa stain revealed no new morphologic struc- 
tures, the organism exhibiting a slender, beaded appear- 
ance with shallow undulations 

A photomicrograph of the S minus and, for com- 
parison, one of the Treponema recurrentis from a 
recent case in man, as well as an electron micrograph. 


Serologic Studies — Agglutination Test of Patient’s 
Serum Agglutination tests for the enteric group of 
organisms. Brucella abortus and Brucella melitensis, 
gave negative reactions The agglutination test for 
heterophil antibodies gave positive results in 1 16 and 
1 32 dilutions 

Serologic Reactions In addition to the serologic tests 
performed at the Mount Sinai Hospital, similar tests 
were performed by another laboratory, by arrangement 
with Dr Chargin, during the patient’s stay at the 
hospital 

The paradoxic behavior of the serologic tests, as seen 
in tables 2 and 3, and the presence of an aortic lesion 
seemed to favor the assumption of a syphilitic infection. 
There was, however, no history of a primary lesion or 
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of a secondary eruption, and at autopsy the pathologic 
observations were negative for syphilis 
As seen m table 3, the positive reactions of the 
cerebrospinal fluid for syphilis reported from another 
hospital could not be confirmed at the Mount Sinai 
Hospital This reaction must be regarded as a labora- 
tory error or as a false positive reaction, which is 
known to occur with certain diseases (tumors and 
various forms of meningitis) 

PosUnoitem Examination — ^The body was that of a 
well developed, well nourished, tall, muscular white 
man Over each hypothenar eminence was a round 
hemorrhagic area, 3 mm in diameter 
Thorax Each pleural cavity contained about SO cc 
of clear fluid 

Heart The pericardial sac contained no excess fluid 
The heart was moderately enlarged and weighed 460 
Gm The tract of outflow of the right ventricle and 
the trabeculae carneae were slightly thickened The left 
auricle was slightly thickened , its appendages contained 
no thrombi The free edge and the line of closure of 
the mitral valve were distinctly thickened, and the 
thickened free edge overhung the chordae tendineae in 


appearance of some of the verrucae on the posterior 
leaflet of the mitral valve The wall of the left ven- 
tricle was hypertrophied, and the trabeculae carneae 
were massive The cusps of the aortic valve were 
moderately thickened, and their free edges appeared 
rolled This was particularly evident in the posterior 
cusp, where thickening of the free edge had produced 
shortening of the cusp There was slight fusion at the 
commissures between the left and the right anterior 
cusp and between the posterior and the left anterior cusp 
It cannot be said, however, that there existed a real 
anatomic insufficiency of the aortic valve Over the 
nodule of Arantius of the right anterior cusp was a 
ragged, fleshy group of vegetations the size of a pinhead 
The myocardium was pale red The coronary arteries 
were widely patent and showed no sclerosis The 
ostium of the right coronary artery was smaller than 
usual There were two minute accessory coronary 
ostiums The aorta was smooth and elastic There 
was significant atheromatous flecking of the coronary 
sinuses 

Lungs The lungs weighed 1,600 Gm and were large 
and heavy The pleural surfaces were smooth and 


Table 2 — Serologic Data on the Blood 
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shelflike fashion The chordae tendineae at their inser- 
tion into the anterior and the posterior leaflets of the 
mitral valve were also thickened and fused An 
irregular row of vegetations was present along the line 
of closure and along the free edge of both mitral valves 
These vegetations were pink and fleshy, and their 
diameters varied from 1 mm to 0 5 cm They extended 
downward onto the chordae tendineae On the posterior 


Table 3 — Data on the Spinal Fluid in a Case of Rat 
Bite Fever 
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leaflet, one vegetation presented a yellowish, cheesy, 
friable appearance The aortic aspect of the anterior 
leaflet of the mitral valve presented near its center a 
large oval lesion, which measured 18 by 6 mm A 
shallow ulceration occupied the center of the lesion, 
whereas the periphery was composed of a ring of ver- 
rucae surrounding the central ulceration, so that the 
whole lesion resembled an atoll The peripheral ver- 
rucae were flat and fleshy, but at the lower edge they 
were larger and had the same yellowish, friable, cheesy 


glistening The trachea and bronchi oozed large quan- 
tities of sanguineous foam The cut surfaces were 
moist and contained a good deal of blood There were 
no areas of consolidation The pulmonary vessels were 
normal 

Liver The liver was large and weighed 2,400 Gm 
Its surface was smooth and glistening and showed 
brownish red to brown mottling On section it had the 
appearance of chronic passive congestion, with irregular 
distribution of blood The gallbladder, the bile ducts, 
the portal vein and the hepatic artery were normal 

Pancreas The pancreas was moderately firm On 
section It appeared normal but was congested and 
tawny The pancreatic ducts were not dilated 

Spleen The spleen was large, flabby and rather long 
It weighed 700 Gm The surface was smooth, glisten- 
ing and gray, except for one large, slightly bulging 
area near the lower pole, which had a dark red and 
yellowish mottling This area evidently represented a 
large infarct, which on section appeared wedge shaped 
necrotic and jellowisli The spleen was extremely 
pulpy when sectioned elsewhere The pulp was purplish 
and oozed from the cut surface After the purplish, 
diffluent pulp was removed ivith a sponge, the spleen 
presented an unusual appearance It was studded with 
innumerable ivhitish nodules, 2 to 3 mm m size, many 
of which appeared confluent The nodules w'ere much 
larger than the usual follicles, and on close examination 
it was suspected that the central portions of many 
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whitish nodules were somewhat grayish and more 
opaque, an appearance suggestive of the original fol- 
licles In the area adjacent to the infarct the red pulp 
was much firmer and was deeply congested, and the 
true follicles were more evident These follicles were 
smaller than the white nodules already described The 
splenic artery and vein were normal 
Gastrointestinal Tract Except for congestion, the 
esophagus, stomach and intestinal tract presented noth- 
ing unusual In the midportion of the mesentery of 
the small intestine, a large nodule, of hazelnut size, 
was observed along the course of one of the mesenteric 
arteries Section of the nodule exposed a saccular 
aneurysm, with a thin wall on one side and a crescentic, 
lamellated w'all on the opposite side The involved 
vessel was easily probed, and no occlusion proximal or 
distal to the aneurysm could be demonstrated The 
small intestine supplied by this altered mesenteric artery 
presented no gross abnormality 

Genitourinary Tract The kidneys were similar in 
size and appearance and together weighed 360 Gm The 
capsules stripped with ease, "with exposure of a smooth, 
reddish surface No petechiae or hemorrhages were 
seen A few scattered, small, flat, stellate dark de- 
pressions were noted m the cortex Several small round, 
yellowish white areas, 2 to 3 mm in diameter, were 
discerned on the surface These extended into the 
center for a distance of 2 to 3 mm On section the 
architecture of the kidney was not unusual The cortex 
was of normal width The glomeruli were not clear 
The medullary markings were normal The renal pelves 
and ureters were normal The urinary bladder, prostate, 
seminal vesicles, testes and epididymides appeared 
grossly normal 

Adrenal Glands The adrenals were normal in size 
and shape The yellowish cortex was congested 
Bone A lumbar vertebra showed a moist, red, finely 
spongy marrow 

Mia oscopic Exainmaiion — Heart A Gram stain of 
a section through a vegetation on the mitral valve 
showed granular, rod-shaped and comma-shaped coccoid 
bodies (the latter being considerably smaller than ordi- 
nary cocci) This granular material was gram-positive 
The base of the vegetation showed organization, as 
seen in cases of subacute endocarditis due to Strepto- 
coccus viridans Section of the myocardium of the 
left ventricle (hematoxylin-eosin stain) demonstrated 
numerous ill defined, fibrotic and hyalinized perivas- 
cular areas A few scattered myocardial areas pre- 
sented fully developed Aschoff bodies 
Lungs Edema and congestion were pronounced , 
occasional heart failure cells were present 
Liver Edema was marked There were prominent 
Kupffer cells and slight lymphocytic infiltration in the 
periportal areas 

Spleen Examination revealed acute infectious splen- 
itis, with multiple foci of small infarcts 

Pancreas Scattered foci of lymphocytic infiltration 
occurred within the acini, with atrophy of the acinar 
tissue 

Adrenals Severe congestion and an acute mycotic 
aneurysm of a small artery of the adrenal capsule were 
noted 

Kidneys Sporadic acute focal embolic glomerular 
lesions were present, some of which were fibrotic 
Scattered glomeruli were completely fibrosed These 
altered glomeruli were often surrounded by zones of 
lymphocytes Small foci of abscess-like lesions were 
noted in the cortex 


Mesenteric Artery A mycotic aneurysm with organ- 
izing thrombus was noted 

Summary of Anatomic Observations — ^The anatomic 
changes were subacute bacterial endocarditis of the 
mitral and aortic valves, rheumatic heart disease, 
chronic interstitial valvulitis of the aortic and mitral 
valves , rheumatic myocarditis (Aschoff nodules) , 
mycotic aneurysm of a branch of the superior mesen- 
teric artery, hypertrophy of the right and left ven- 
tricles (moderate) , infectious splenitis, splenomegaly 
and subacute splenic infarct, pulmonary congestion and 
edema, and chronic passive congestion of the liver 

COMMENT 

The clinical course was similar to that usually 
encountered in cases of subacute bacterial endo- 
carditis The classic features of the latter con- 
dition observed in this case were low grade fever 
with occasional increases in temperature, endocar- 
dial muimurs, splenomegaly, multiple visceral 
and subcutaneous embolization, microscopic 
hematuria, petechiae. Osier and Janeway lesions 
and subarachnoid hemorrhage as a terminal 
event That the endocarditis was subacute was 
clearly established by its long duration, i e , an 
interval of nineteen weeks from the earliest 
febrile episode to the termination of the illness 

The isolation of S minus from the blood cul- 
ture led to considerable speculation as to the 
cause and pathogenesis of the endocarditis At 
first, there was doubt as to the etiologic role of 
the micro-organism identified as S minus, since 
there was no history of rat bite On closer in- 
vestigation it was found that the food ingested by 
the patient at the water front was exposed to 
rats and wild cats The patient also had direct 
contact with alley cats, a fact which might be 
significant since a case of rat bite fever following 
a cat bite has been reported 

It IS of interest at this point to mention 
Mooser’s -- work, which revealed on anatomic 
grounds that the pathway of transmission is not 
necessarily through contact with the blood of the 
infected rat According to this author, the in- 
variable presence of keratitis in the afflicted 
animals may be responsible for the following 
method of spread of the disease 

The spiral micro-organism passes through the lacri- 
mal channel into the nasal cavity and hence may enter 
the mouth, though its presence there is not absolutely 
necessary for transmission through bites The upper 
lip of the rat is cleft and since the biting animal 
touches the bitten object with the nose, the organism 
may enter the wound from this point 

In our case it is assumed that the skin or the 
gastrointestinal tract was the possible portal of 

21 Mock, H E , and Morrow, A R Rat-Bite Fever 
Transmitted by Cat-Bite, Illinois M J 61 67-70, 
1932 

22 Mooser, H Experimental Studies with a Spiral 
Organism Found in a Wild Rat, J Exper Med. 39 
589-602, 1924 
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entry That the micro-organism isolated was 
identical with that of rat bite fever was confirmed 
by its morphologic structure, its cultuial char- 
acteristics and its power to invade mice The 
etiologic significance was clearly established by 
six repeatedly positive blood cultures during a 
period of two months, the absence of any othei 
organisms in the blood cultuies and the demon- 
stration of the organism in the ciushings of the 
vegetations removed post mortem The positive 
serologic reactions provided additional indirect 
evidence that the micro-organism causing the 
endocarditis in this case was S minus ° 

It IS doubtful whether this micro-organism 
bears any resemblance to the spirillum isolated 
from the blood in Lamb and Paton’s case of 
subacute endocarditis caused by a spirillum The 
sti iking biologic differences of the two spirilla 
are evident from the following summary 


insufficiency probably appeared later, as a result 
of the vegetations on the aortic valves due to 
infection with the spirillum, which must 
eventually have inteifered with the competent 
closure of the ostium of the valves during dias- 
tole The patient did not live long enough, how- 
ever, to manifest the classic enlargement of the 
left ventricle associated with disease of the aortic 
valves 

Mycotic aneurysms of the type observed in 
segments of the supeiior mesenteric and the 
adienal arteries are frequently encountered with 
bacterial endocarditis A similar lesion was 
undoubtedly present in a cerebral artery and led 
to the terminal subarachnoid hemorrhage 

There was neither gross nor microscopic post- 
mortem evidence to substantiate a clinical or a 
serologic diagnosis of syphilis Although, from 
a theoretic standpoint, anatomic coiroboration 

Our Case 

Organism grew m 3 5% carbon dioxide, 
growth appeared in 5-9 days 
Successive transplants required human 
citrated blood and 3 5% carbon dioxide , 
growth appeared in 5-6 days 
Wassermann, Kahn and Kline reactions 
positive 


Blood culture 
Subcultures 


Lamb and Baton’s Case 
Organism grew aerobically , growth appeared 
in 5-6 days 

Successive transplants grew in 24 hours 


Serologic reactions 


Wassermann reaction negative 


The cultural dissimilarity of the micro-or- 
ganisms, as well as the difference in their sero- 
logic reactions m man, offers supporting evidence 
that the two strains are quite different 

The absence of a cutaneous rash does not miti- 
gate against the assumption that rat bite fever, 
rather than the endocarditis, was the initial ill- 
ness, the subacute endocarditis supervening at a 
later stage The early history was vague, and 
the type of rash invariably observed in the early 
exacerbations of rat bite fever could well have 
been mild enough to be overlooked Certainly 
even the periodicity of the fever suggests the 
trend toward “i elapsing” elevations of tempera- 
ture described in cases of rat bite fever 

The presence of lesions in the heart gave sup- 
port to the clinical impression that the patient 
was suffering fiom chronic rheumatic disease of 
the mitral and aortic values, on which was super- 
imposed subacute verrucous endocarditis due to 
infection with a spirillum The absence of clini- 
cal and roentgengraphic evidence of significant 
cardiac enlargement, as well as the absence of 
evidence of a murmur of aortic insufficiency dur- 
ing examination by the draft board one year be- 
fore, can be satisfactorily explained on the basis 
of the postmoitem observ^ations Careful exami- 
nation of the aortic valves revealed fusion of the 
commissures of the cusps, but no significant 
aortic incompetence could be demonstrated ana- 
tomically The hemodynamic evidence of aortic 


IS unnecessary for the diagnosis of syphilis in a 
patient of the age of this man, the negative evi- 
dence at autopsy and the fact that a high percent- 
age of false positive serologic reactions have been 
reported in cases of infections with the spirillum ° 
should serve as evidence sufficient to refute the 
diagnosis of a coexisting hidden syphilitic in- 
fection 

Arsenicals were employed without success 
Despite their therapeutic efficiency in cases of rat 
bite fever, they exerted little, if any, effect on 
the growth and dissemination of the spirilla in 
this case of verrucous endocarditis The patient 
received a total of 1 5 Gm of neoarsphenamine 
A negative blood culture for the spirillum was 
obtained after completion of neoarsphenamine 
therapy and another after administration of 
mapharsen was finished A third negative cul- 
ture was obtained four days before the patient’s 
death, even though the crushings from the valves, 
obtained post mortem showed an abundance of 
the micro-organisms Negative blood cultures 
are frequently observed in cases of subacute bac- 
terial endocarditis, and their occurrence in this 
case must also be regarded as accidental rather 
than as a temporary effect of the arsenicals em- 
ployed 

This case emphasizes the importance not only 
of cautious interpretation of serologic tests but 
of accurate anatomic localization of existing val- 
vular murmurs It is true that syphilis may 
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occur at any age, but the diagnosis gf acquired 
aortic insufficiency of syphilitic origin at the 
patient’s age is open to question It was the un- 
fortunate combination of a false positive Wasser- 
mann reaction and an audible murmur of aortic 
insufficiency that led able clinicians to ignore 
a coexisting loud blowing apical systolic mur- 
mur of mitral insufficiency, which, if it had been 
evaluated properly, would have led to question 
of the validity of the diagnosis of syphilis In 
this instance, the patient would have been spared 
much unhappiness and embarrassment if he had 
not erroneously been stigmatized as syphilitic 

SUMMARY 

In a case of subacute endocarditis due to S 
minus, the etiologic micro-oigamsm of rat bite 
fever was isolated six times from the blood in 


dextrose and tomato bouillon and grown in an 
atmosphere of 3 5 per cent carbon dioxide Its 
relation to the causative organism of rat bite 
fever was established by its morphologic char- 
acteristics, its pathogenicity and serologic effects 
m man and its invasiveness for mice 

Despite the unusual micro-organism, the clini- 
cal course and the changes observed at autopsy 
were strikingly similar to those observed in cases 
of the common form of subacute bacterial endo- 
carditis due to Str vindans 

A comparison of the spirillum causing the sub- 
acute endocarditis in Lamb and Paton’s case with 
the spirillum in the case presented here reveals 
stiikmg differences in their biologic and cultural 
characteristics, as well as in their serologic effects 
111 man 

Mount Sinat Hospital 
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In contradistinction to typhoid, the present day 
knowledge of paratyphoid infections of man is as 
yet incomplete, although important advances in 
this field have been made during the last few 
years The identification of the various members 
of the Salmonella group presents difficulties far 
greater than those encountered in the recognition 
of the typhoid bacillus The genus Salmonella is 
comprised of many different species and types 
As a matter of fact, more than one hundred 
species have been described in the past as patho- 
gens for human beings or animals or both 
Special diagnostic antiserums are required to 
establish species or type identity To add to the 
difficulty, the members of the Salmonella group 
are responsible for a variety of clinical syndromes 
The diseases may be classified conveniently into 
till ee large groups (1) paratyphoid, (2) gastro- 
enteritis and (3) pyogenic infections To the lat- 
ter group belong such syndromes as septicemia, 
peritonitis, osteomyelitis, pharyngitis, otitis, ab- 
scesses, empyema, pyelitis, arthritis, cholecystitis, 
appendicitis, meningitis and others 

Purulent meningitis caused by members of the 
Salmonella group is not a common disease, al- 
though it IS not so rare as is often believed In 
1940 Guerra, Peluffo and Aleppo,’- in an excel- 
lent article, reviewed the literature on Salmonella 
meningitis They collected 56 cases Since that 
time additional cases have been reported Salmo- 
nella cholerae suis accounts for only a small frac- 
tion of meningitis, although this particular or- 
ganism IS not uncommonly found as the cause of 
other diseases Only 3 definitely established and 
well described cases of S cholerae suis menin- 
gitis could be found in the Iiteratuie It was 
decided therefore to present the clinical, bac- 
teriologic and immunologic observations of such 
a case and leview the status of the Salmonella 

From the Children's Hospital and the Department 
of Bacteriology and Immunology, University of Buffalo, 
School of Medicine 

1 Guerra, A R , Peluffo, E , and Aleppo, P L 
Localizaciones extraintestinales, en el nino, de las bac- 
terias productoras de enteritis mfantiles, in Bonaba, J , 
and others Estudios sobre la etiologaia infecciosa de 
las diarreas mfantiles, Montevideo, Editorial Medica J 
Garcia Morales, 1940, pp 91-130 


meningitis pioblem with particular reference to 
the incidence of the various species in this malady 

REPORT OF CASE 

P T , a white girl 3 years and 1 1 months of age, 
was admitted to the Children’s Hospital (service of 
Dr Norman C Bender) on Sept 22, 1943 'The history 
revealed that the child was delivered instrumentally 
after seventy-two hours of labor The birth weight was 
8 pounds 8 ounces (3,856 Gm ) After birth extreme 
hydrocephalus developed, and the child had been blind 
She sat alone at 12 months, walked at 30 months and 
talked at 2 years of age Her mental development was 
retarded There was no history of diarrhea or of other 
illness of consequence 

The physical examination on admission revealed the 
following facts The child screamed almost continuously 
and appeared to be delirious The temperature was 
103 F , the pulse rate was 140 per minute and the 
respiratory rate 40 per minute The head was extremely 
large Its circumference was 25 5 inches (64 8 cm ) and 
that of the chest 21 5 inches (54 6 cm ) The anterior 
fontanel was closed Nystagmus was present The pupils 
were constricted and reacted only sluggishly to light 
There was definite rigidity of the neck The pharynx 
was slightly injected The spleen and liver apparently 
were not enlarged The Kernig sign was positive bilat- 
erally, the Babinski sign was absent, and the deep 
reflexes were normal There were no petechiae present 
Roentgen ray examination of the chest revealed no 
abnormal conditions 

A culture of blood showed the presence of a para- 
typhoid bacillus Its characteristics will be described 
later 

Examination of the blood showed a hemoglobin con- 
tent of 12 Gm and 3,700,000 red cells and 10,500 white 
cells per cubic millimeter, of which 54 per cent were 
polymorphonuclear cells, 40 per cent juvenile cells and 
6 per cent lymphocytes 

A lumbar puncture was done on the day of admission 
Approximately 20 cc of slightly cloudy fluid was ob- 
tained The pressure was greatly increased (above 500 
mm of water) This spinal fluid contained 119 leuko- 
cytes per cubic millimeter, of which 92 per cent were 
polymorphonuclear cells and 8 per cent lymphocytes 
Globulin was present, and dextrose was absent The 
microscopic examination revealed the presence of numer- 
ous gram-negative bacilli, subsequently identified as 
paratyphoid organisms A second lumbar puncture was 
performed on the same day The number of leukocytes 
had increased to 1,620 per cubic millimeter, dextrose 
was still absent, and globulin was present The spinal 
fluid contained many gram-negative bacilli 

Examination of the feces failed to reveal paratyphoid 
bacilli, in spite of the fact that five different culture 
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mediums (Endo, MacConkey, SS, desoxycholate-citrate 
and bismuth sulfite agar) were used 

The serum of the patient was examined for the 
presence of specific agglutinins The strain isolated 
from the spinal fluid was used as tlie antigen Aggluti- 
nins were not present in dilutions of serum ranging 
from 1 10 to 1 1,000 

Sulfadiazine was given, 2 Gm immediately after ad- 
mission and 1 Gm every four hours thereafter In spite 
of this treatment, the child died the following day 
In order to determine the possible source of the infec- 
tion, three members of the immediate family (father, 
mother and brother) were examined Their feces did 
not contain paratyphoid bacilli, and agglutinins against 
the patient’s strain could not be demonstrated in their 
serums 

The results of bacteriologic study were as follows 
The blood culture contained innumerable colonies (per 
cubic centimeter) of gram-negative bacilli which had 
biochemical and antigenic characteristics identical with 
those of the strain isolated from the spinal fluid The 
organism was motile and grew well on simple artificial 


twenty years and to present the incidence of the 
different species and types of Salmonella or- 
ganisms encountered m this malady In addition 
to the data compiled from 56 cases by Guerra and 
associates,^ 22 case reports have been collected 
Indubitably, other cases have escaped detection 
It seemed of no value to consider cases described 
many years ago, since no reliable information 
could be gained with respect to the incidence of 
the different Salmonella types Furthermore, it 
must be admitted that in some of these cases a 
complete antigenic analysis of the respective 
strains was not carried out Nevertheless, the 
figures shown in table 1 give an approximate pic- 
ture of the incidence in meningitis of the various 
types of organisms of the paratyphoid group 
There are several facts worth)’- of comment In 
the first place, it may be seen that twelve different 


Table 1 — Inctdciicc of Types of Salmonella in Memngtfts 





Number ot 
Cases of 
Meningitis 


Group 

Type or Species 

Synonym ot Species 

References 

A 

S paratyphi 


0 


B 

S schottmuellerl 

S typhimunum 

S Sandiego 

S paratyphi B 

S aertryke 

S enteritidis Breslau 

8 

17 

1 

Patterson, Schmidt,^* Jundell,!® Leenhardt et al 
Oaselli and Teobaldo,-* Gordon, H , and Kennedy, 
J A Am J Clin Path 8 170, 1938, Eahrenburg 
J H , and Ecker, E E J Infect Dis 60 • 81, 1937 
Guerra et al ^ Aballi et al 

Bray and Meredith 

C 

S cholerae suis 

S suipestifer 

5 

Guerra et al Boycott and McNee,‘ Ravltch and Wash 
Ington,® Kuttner and Zepp o 

D 

S enteritidis 

S enteritidis Gaertner 

34 

Guerra et al Crozier,’® Wengeler, P Med Klua 86 
1217, 1940, Opltz,®! Hayasaka,®®, Meyer Bohn, J 
Deutsche med Wchnschr 66 1193, 1940, Bieper, P 
Virchows Arch f path Anat 289 301, 1933 


S sp (Panama tjpe) 

S enteritidis (variety Dublin) 

S enteritidis (variety Kiel) 

S sp (Eastbourne type) 

S enteritidis (variety Jena) 


1 

5 

1 

2 

3 

Guerra et al ^ 

Guerra et al ^ 

Guerra et al ^ 

Guerra et al Valledor et al 

Wengeler, F Med Klin 36 1217, 1940 

E 

S Sp (London type) 


1 

Wilsdon and Gibson 


mediums It produced acid and gas from dextrose, 
maltose, mannitol, dulcitol, xylose, rhamnose and sorbitol 
It failed to attack lactose, sucrose and salicin The 
strain was tentatively identified as a member of the 
Salmonella group and was sent for further study to 
the New York Salmonella Center (Dr Erich Selig- 
mann, director) There it was identified as S cholerae 
suis 

The postmortem examination was performed by Dr 
Kornel L Terplan The significant conditions observed 
were the following 

Acute seropurulent meningitis Very distinct, old 
hemorrhagic gliosis of the right cerebellar hemisphere, 
with firm membranous obliteration of the foramens of 
Luschka Pronounced inner hydrocephalus Massive 
recent suffusions in the leptomeninges in the right 
parieto-occipital area 

Acute, desquamative and moderately hemorrhagic 
enteritis, most severe in the duodenum and the lower 
portion of the ileum 

Scattered suffusions in the skin, especially of both 
extremities 

COMMENT 

An attempt has been made to review cases of 
Salmonella meningitis described during the past 


species or types have been encountered in the past 
as causative agents in this disease These repre- 
sent only a fraction of the species known to be 
pathogenic to man It seems reasonable to as- 
sume, therefore, that in the future other species 
may be found in Salmonella meningitis 
Secondly, it is interesting to note that not a single 
case of paratyphoid A bacillus meningitis is in- 
cluded in this group However, Facatselli " men- 
tioned by reference that this organism has been 
found m meningitis Members of group B of the 
genus Salmonella account for 26, or one third, of 
all cases Only 5 cases of meningitis were caused 
by S cholerae suis, the sole representative of 
group C More than half of all instances of 
Salmonella meningitis were due to members 
of group D Group E is represented by Sal- 
monella sp (London type) m a single case 

2 Facatselli, N Les manifestations meningees et 
les meningites d’origine eberthienne ou para-typhique, 
Arch de med d enf 42 615-626 (Oct) 1939 
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Naturally, the question arises whether or not 
the incidence of these Salmonella types in menin- 
gitis IS comparable to that m other Salmonella in- 
fections Bornstein,^ m his excellent review on 
the state of the Salmonella problem, reported on 
the type distribution among five hundred strains of 
Salmonella isolated from human beings m North 
America and Cuba during the years 1939 to 1941 
Group A accounted for 2 per cent, group B for 
47 per cent, group C for 38 per cent, group D for 
7 5 per cent and group E for 5 5 per cent It is 
not possible to compare the incidence of the dif- 
ferent Salmonella types in these two series 
Bornstein’s figures were obtained over a three 
year period and included strains isolated m North 
America and Cuba only, whereas the figures for 
Salmonella meningitis cover a period of many 
years and include species recovered m Europe 
and South America as well Nonetheless, it is 
impressive to note that group C is encountered m 
a lower percentage and group D m a higher per- 
centage in meningitis than in Salmonella infec- 
tions in general 

In this connection it is important to stress that 
all strains of Salmonella organisms encountered 
as causative agents in meningitis — and in other 
infections as well — should be adequately identi- 
fied Since many laboratories are not equipped to 
carry out the antigenic analysis of these strains, 
it seems advisable to send subcultures to Salmo- 
nella centers Only then will it be possible to 
obtain an accurate picture of the incidence of the 
different Salmonella species m infections of man 

Among 78 cases of Salmonella meningitis re- 
ported m the literature, only 4 were due to 
S cholerae suis, also referred to as Salmonella 
suipestifer An additional case has been re- 
ported in this study Of the 4 cases pre- 
viously published, only 2 are recorded m detail, 
1 by Boycott and McNee^ and the other by 
Ravitch and Washington ® The case of Kuttner 
and Zepp ° is only briefly mentioned in their 
article The patient was comatose on admission 
to the Baltimore City Hospital and died shortly 
afterward No adequate history could be ob- 
tained A diagnosis of chronic meningitis was 
made The strain isolated from the spinal fluid 

3 Bornstem, S The State of the Salmonella Prob- 
lem, J Immunol 46 439-496 (June) 1943 

4 Boycott, J , and McNee, J W Human Infection 
with American Hog-Cholera Bacillus, Lancet 2 741-742 
(Sept 26) 1936 

5 Ravitch, M M , and Washington, J A Suipes- 
tifer Septicemia and Meningitis Complicating Meningo- 
coccic Septicemia and Memngococcic Mcnmgitis, J A 
M A 109 1122-1123 (Oct 2) 1937 

6 Kuttner, A G , and Zepp, H D Paratyphoid- 
Like Fever in Children Due to the Salmonella Suipes- 
tifer Group, Bull Johns Hopkins Hosp 51 373-387 
(Dec) 1932 


proved to be a monophasic suipestifer, group 2 
No data are available on the clinical aspects of 
the disease m the case of Materna and 
Januschke It is true that other cases of S 
cholerae suis meningitis have been described m 
the literature However, m the case of Lyon 
and Folsom,® for instance, this diagnosis was 
not adequately substantiated The organism 
isolated by these authors was described as a 
bacillus producing acid and gas from certain car- 
bohydrates On the other hand, the subculture 
of this organism was identified at the Harriet 
Lane Home and at the National Institute of 
Health as an atypical influenza bacillus This 
discrepancy m the results is difficult to explain 
unless one assumes that two different micro- 
organisms were involved If this is the case, 
either one of the organisms was a contaminant 
or the patient was suffering from a mixed in- 
fection But even if the gas-producing organism 
was actually the causative agent of the disease 
(as a primary incitant or secondary invader), 
one cannot accept this case as an instance of 
S suipestifer infection, since the strain was not 
adequately investigated serologically 

Furthermore, a number of cases of meningitis 
were described during and after World War I 
as having been caused by bacilli of the Glasser- 
Voldagsen group and by paratyphoid bacillus 
N (Erzindjan), respectively (Hesse,® Neu- 
kirch^®) According to the Kauffmann- White 
scheme, Neukirch's Bacillus Erzindjan is either 
Salmonella paratyphi C, Salmonella moscow or 
Salmonella enteritidis The Glasser bacillus is 
identical with Salmonella typhi suis, and the 
Voldagsen variety is its monophasic nonspecific 
variety (Bornstem, personal communication) 
At any rate, these cases cannot be considered as 
instances of S cholerae suis meningitis 

The pertinent features of the 5 cases of Salmo- 
nella cholerae suis meningitis are summarized in 
table 2 

The diagnosis of this infection presents certain 
difficulties In the case reported here the micro- 

7 Materna, A , and Januschke, E Em Beitrag zu 
der Frage der atiologischen Beziehungen zwischen der 
bazdlaren Schweinepest und dem Paratyphus B des 
Menschen, Ztschr f Fleisch- u Milchhyg 35 298-300 
(July 1) 1924-1925 

8 Lyon, G M , and Folsom, T G Meningitis Due 
to Salmonella Suipestifer Case Report, West Virginia 
M J 37 249-255 (June) 1941 

9 Hesse, E Zur Kenntnis der chirurgischen Kom- 
phkationen und Nachkrankeiten des Fleckfiebers, Ruck- 
fallfibers und des Paratyphus N (Erzindjan), einer 
Mischinfektion des Recurrens, Arch f klin Chir 128: 
739-814, 1924 

10 Neukirch, P Ueber menschliche Erkrankungen 
durch Bazillen der Glasser- Voldagsengruppe in der 
Turkei, Ztschr { Hyg u Infektionskr 85 103-145, 
1918 



428 


ARCHIVES OF INTERNAL MEDICINE 


scopic examination of the spinal fluid revealed 
numerous gram-negative bacilli Haemophilus 
influenzae meningitis was theiefore considered 
Precipitation tests with the supernatant liquid 
of the spinal fluid and type-specific anti-H in- 
fluenzae serums yielded entn'ely negative results 
Thus, it became unlikely that the patient was 
suffering from this paiticular infection The 
cultural findings supported this assumption The 
organism grew profusely m infusion broth and on 
Endo agar Since there was no evidence that 
the organism produced acid from lactose (as 
indicated by the appearance of the colonies on 
Endo agar), a tentative diagnosis of typhoid or 


Table 2 — Salmonella Cbolciac Sms Memngtits 




Cases of 





Boycott 

Eavitch 

Kuttner Materna 



and 

and 

and 

and 



McNee 

Washington 

Zepp JanusctiLe Nctcr 

Age (years) 

35 

4 



4 

Race 


Negro 



White 

Sex 

Pemale 

Female 



Female 

Blood 
culture * 
Eeces 
culture * 
■Drjne 

Positive 

Positive 

Negative 

Negatue 



Positive 

Negative 


culture * 





Widal test t 


Positive 



Negative 



(1 2,5G0) 



Previous 

None 

Meningococcic 



Hydro 

diseases 


meningitis 

and 

bacteremia 



cepbalus 


Concomi 

None 

Meningococcic 


Malaria 

None 

tant dis 


meningitis 




eases 


and 

bacteremia 




Therapy 


Antimcningo 



Sulfadia 



coccus serum 



zine 

Outcome 

Ratal 

Recovered 

Fatal 

Fatal 

Fatal 

Incidence ot 





Stool cul 

Salmonella 





turcs 

Infection 





and 

among 





Widal 

family 





tests on 
father, 
mother 
and 

brother 

negative 


♦ Examined lor presence ol S cholerae suis 
t Examined lor antibodies to S cholerae suis 


paratyphoid bacillus meningitis was made Fur- 
ther biochemical and serologic examinations re- 
vealed that the bacillus belonged to the Salmo- 
nella group It was identified as S cholerae 
SUIS The micro-organism isolated from the 
blood of the patient proved to be identical with 
that recovered from the spinal fluid 

The pathogenesis of Salmonella meningitis 
IS not completely understood at the present time 
In some of the cases the disease has been con- 
sidered as primary , in others, as secondary As 
far as the latter group is concerned, meningitis 
has been reported as a complication of para- 
typhoid, for example, by Patterson In Pat- 
terson’s case the results of stool culture and of 


11 Patterson, W H Paratyphoid B Meningitis 
Two Cases Which Recovered, Lancet 1 678-679 (June 
6) 1942 


the Widal test were positive six days preceding 
the appearance of the first signs of the meningeal 
infection The patient observed by Smith suf- 
fered from Gaertner bacillus enteritis for two 
n eeks before meningitis developed 

In the majority of cases the portal of entry 
remains unknown It is likely that the organism 
invades the blood stream from the intestinal tract 
01 , m the opinion of the Uruguayan investigators, 
fiom the pharynx In the case of my patient, 
examination of the feces failed to reveal the 
presence of paratyphoid bacilli Moreover, the 
patient did not have diarrhea On the other 
hand, it must be pointed out that the postmor- 
tem examination revealed definite inflammatory 
lesions in the intestinal tract In cases with bac- 
teremia the possibility should be considered that 
the intestinal lesions may be a sequela of, rather 
than the primaiy focus leading to, invasion of 
the blood stream 

With respect to the origin of the infection, it 
IS possible either that Salmonella meningitis de- 
velops in earners or that the organism originates 
from the outside Crozier reported an infec- 
tion with Salmonella supposed!)'’ milk borne or 
water borne In another instance the mother of 
a 6 week old infant who died from paratyphoid 
B bacillus meningitis harbored the identical 
micro-organism ( Schmidt A similar experi- 
ence n as reported by Jundell An investiga- 
tion was earned out to determine whether the 
infection of the patient reported here originated 
from members of the immediate family Exami- 
nation of the feces and blood serum of the child’s 
father, mother and brother, however, yielded 
entirely negative results 

Of particular interest is the occurrence of epi- 
demic outbreaks of Salmonella infections, in- 
cluding meningitis, in the newborn AbalU and 
associates reported the cases of 12 infants in- 
fected with Salmonella aertrycke Apparently 
the central nervous system was involved in all 
cases The spinal fluid was either xantho- 
chromic, serous or frankly purulent From the 
report it is difficult to determine how many of 
these infants actually suffered from Salmonella 
meningitis However, it is probable that bac- 
terial meningitis was present m 9 of these 

12 Smith, J Gaertner Meningitis Complicating 
Gaertner Enteritis, Lancet 2 705 (Oct 1) 1921 

13 Crozier, T H Meningitis Due to Bact Enter- 
itidis (Gaertner), Ulster M J 7 261-262 (Oct) 1938 

14 Schmidt, B Paratyphus-B-Menmgitis hei einem 
Sauglmg, Klin Wchnschr 17 303-304 (Feb 26) 1938 

15 Jundell, I A Case of Paratyphoid Meningitis, 
Acta paediat 14 229-231, 1932 

16 Aballi, A A , Falcon, S , Sala Panisello, F , 
Curbelo, A , and Martinez Cruz, J A Salmonelosis 
del recien nacido, Bol Soc cubana de pediat 9 123-160 
(April) 1937 
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patients Guthrie and Montgomery^* reported 
an epidemic outbreak of Salmonella enteritis 
In all, 28 cases were observed Of these, 11 
were cases of purulent meningitis The majority 
of these Salmonella infections occurred m a 
nursery of a maternity hospital , the infection in 
all likelihood was milk borne The source of the 
epidemic could not be traced One additional 
case of purulent meningitis caused by S enteri- 
tidis, variety Dublin, was observed by these 
authors 

The Widal test is of limited value in the diag- 
nosis of Salmonella meningitis, at least as far 
as its early recognition is concerned In the 
case here reported agglutinins were not present 
in the patient’s serum, probably because of the 
short duration of the disease In other in- 
stances, however, the Widal reaction became 
positive during the course of the illness, for 
example in the cases reported by Wilsdon and 
Gibson,’-® Patteison,”- Ravitch and Washington’^ 
and others It is interesting to note that in the 
case observed by Ravitch and Washington “ the 
agglutinin titer was only 1 80 on the twenty-first 
day of the illness , it increased to 1 320 on the 
thirty-thiid day and to 1 2,560 on the forty- 
second day 

The question arises Why do Salmonella or- 
ganisms localize in the meninges of patients with 
Salmonella bacteiemia^ Although no definite 
answer can as yet be given, it is evident that in 
some cases at least certain conditions create a 
locus minoris resistentiae In the case reported 
in this study, foi instance, meningitis developed 
in a child who had been hydrocephalic since 
birth A similar observation was made by Bray 
and Meredith Guthrie and Anderson,^® and 
Opitz, as well as Ravitch and Washington,® 
described cases m which paratyphoid bacillus 
meningitis complicated meningococcic meningitis 

Aside from the problem of the localization of 
the organism m the meninges, it seems likely that 
Salmonella bacteremia and meningitis develop in 
persons with diminished resistance, particularly 
after other infections This aspect of the problem 

17 Guthrie, K J , and Montgomery, G L Infec- 
tions with Bacterium Ententidis in Infancy with the 
Triad of Enteritis, Chofec 3 'stitis and Meningitis, J Path 
& Bact 49 393-409 (Sept ) 1939 

18 Wilsdon, K F , and Gibson, A Meningitis Due 
to Salmonella London, Lancet 1 665-666 (May 24) 1941 

19 Bray, W E, and Meredith, J M Fatal Sal- 
monella Intracranial Infection in an Infant, J Lab & 
Clin Med 28 152-156 (Nov) 1942 

20 Guthrie, K J , and Anderson, T Double Infec- 
tion of the Meninges with Meningococcus and Gaertner’s 
Bacillus, Brit M J 1 193-194 (Feb 8) 1941 

21 Opitr, H Zwei Falle \on Mischinfektion mit 
Bacillus ententidis Gaertner Monatschr f Kmderh 15 
383-388. I9l9 


has recently been discussed (Neter -") In the 
case of Leenhardt, Boucomont, Labraque-Bor- 
denave and Bainay®® paratyphoid B bacillus 
meningitis followed otitis media Caselh and 
Teobaldo observed a newly born child in whom 
an infection of the urinary tract, caused by 
Bacillus coll, preceded paratyphoid B bacillus 
meningitis Finally, attention should be called 
to the observations of Hayasaka.®® who reported 
on Gaertner bacillus meningitis developing in 
patients infected with malaria for therapeutic 
purposes The patient of Materna and 
Januschke " with S suipestifer meningitis suf- 
feied also from malaiia 

The prognosis of Salmonella meningitis is still 
poor Only a few cases with recoveries have 
been reported in the literature, for example, by 
Ravitch and Washington,® Valledor, Garcia Perez 
and Pedrera,“® Patterson,^’ Storey and Kat- 
sampes and Bradford As far as S cholerae 
suis meningitis is conceined, Ravitch and Wash- 
ington ® described the only instance in which 
recovery took place Treatment with sulfadia- 
zine proved to be ineffective in the case of S 
cholerae suis meningitis and bacteremia pre- 
sented here Of course, no conclusions with 
respect to the efficacy of sulfonamide compounds 
can as yet be drawn, since recovery may occur 
without the use of chemotherapy (Ravitch and 
Washington®) Finally, it may be pointed out 
that the sulfonamide compounds are not equally 
effective toward all species and types of the 
genus Salmonella 

Dr Erich Seligmann identified the organism, and 
Dr Norman C Bender supplied the clinical data of 
this case 

219 Bryant Street 


22 Neter, E Salmonella Cholerae Suis (Weldin) 
Bacteremia, Am J Dis Child 64*255-261 (Aug ) 1942 

23 Leenhardt, E , Boucomont, J > Labraque-Bor- 
denave, and Barnay Meningite a paratyphique B chez 
un nourrisson. Arch Soc d sc med et biol de Mont- 
pellier 18 94-99 (Feb ) 1937 

24 Caselh, E G , and Teobaldo, C T Meningitis 
a bacilo paratifico B en un lactante. Arch argent de 
pediat 10 416-423 (Oct) 1939 

25 Hayasaka, C Im Verlauf einer Malariakur durch 
Bacillus ententidis Gartner entstandene Meningitis und 
Sepsis, Tohoku J Exper Med 21 466-504 (Sept 22) 
1933 

26 Valledor, T , Garcia Perez, E, and Pedrera, J 
Meningitis purulenta a Salmonela Eastbourne en un 
lactante de tres meses, tratado con sulfadiazina Evo- 
lucion curativa despues de una rccaida, Bol Soc cubana 
de pediat 14 413-429 (Aug ) 1942 

27 Storej--, W E Purulent Meningitis Complicating 
Paratyphoid Fe\er Report of a Case with Recoiery, 
J M A Georgia 12 472-474 (Dec) 1938 

28 Katsampes, C P , and Bradford, W L Recovery 
from Salmonella (Panama) Meningitis m an Infant 
Treated with Sulfapvridine, J Pediat 16*79-85 (Jan) 
1940 
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Synopsis o£ Diseases of the Heart and Arteries 
By George R Herrmann, M D Third edition 
Price, $5 00 Pp 516, with 103 text illustrations 
and 4 color plates St Louis C V Mosby Com- 
pany, 1944 

This is the third edition of this book to appear in 
eight years, the first appearing in 1936 The author 
has made some changes in this edition They consist 
essentially of dividing the data into more chapters for 
emphasis and the inclusion of four new chapters dealing 
with psychogenic disturbances associated with heart 
disease, essential hypertension and disturbances in blood 
pressure and general systemic types of heart disease 

Since the handbook is intended for the use of students, 
who are m need of “succinct outlines,’’ the reviewer is 
impressed by certain aspects of the presentation which 
fail in these objectives There is a great tendency for 
repetition, which is surely not intended for emphasis 
For example, on page 437 are found the following state- 
ments concerning the histamine test "In a few minutes 
there normally develops a red spot which rises into a 
1 cm wheal surrounded by flares 2 cm m diameter ’’ 
"Within five minutes, in the presence of normal ade- 
quate superficial circulation, a 1 cm wheal surrounded 
by a 2 cm flare should develop ’’ On page 73 is pre- 
sented a photograph of a Boulitte oscillometer, and 
on page 433 is presented another photograph of the 
same instrument, in this instance in place on a leg 
This seems unnecessarily repetitious when either illus- 
tration would suffice, and two photographs certainly 
suggest too much importance for an instrument of al- 
most questionable value On page 443 the author states 
that “Nicotinic acid and histamine base may be of 
benefit ’’ One wonders the exact meaning of the vague 
term “histamine base ’’ On page 435 the author states, 
in writing on a vasomotor test “A positive reaction 
indicates that the coolness of a part was the result of 
a circulatory disturbance of spastic origin If, on the 
other hand, there is no rise under these conditions, the 
low skin temperature must be the result of decreased 
peripheral circulation of an organic, anatomic, obstruc- 
tive type of obliterative arterial disease ’’ Such a state- 
ment IS vague, suggesting that organic anatomic dis- 
ease may not be associated with spastic and obstructive 
disease 

Periarteritis nodosa is included among the peripheral 
vascular diseases, while scleroderma, lupus erythema- 
tosus disseminatus, and dermatomyositis are not in- 
cluded Periarteritis is no more a peripheral vascular 
disease than the diseases listed The section on 
peripheral vascular diseases in general is presented too 
much from the surgical point of view In fact, that 
section of the book is not presented very well as a 
whole, certainly not as well as the chapters on heart 
disease 

A considerable number of data, with detailed tables, 
are presented on the Schneider test for cardiovascular 
efficiency Even though it is used by the military 
services, it is well known to be far from perfect It 
would appear to be m order for one to deemphasize 
or at least present the subject with a critical attitude 
when writing a brief handbook for such medically im- 


mature minds as possessed by medical students When 
they enter the military services as medical officers they 
can learn the test in a matter of minutes should it be 
necessary 

The emphasis given the “cold pressor’’ test as an 
index of the hypertensive diathesis seems to be un- 
warranted by the generally accepted ideas and experi- 
ences concerning its value Only a treatise on hyper- 
tension should contain very much detailed discussion on 
the subject at this stage of its evaluation 

On page 72 there is a section on the oscillometer 
which leaves the impression that all oscillometers are 
shaped and constructed like the Boulitte oscillometer, 
w'hich, of course, is untrue, even though most of them 
are fashioned after the Pachen oscillometer Inciden- 
tally, the author speaks of an “aneroid’’ to which the 
needle is connected Obviously, such a use of the 
term aneroid is incorrect, as the word is an adjective 
Apparently the author is referring to the bellows within 
the housing of the aneroid oscillometer The author 
apparently feels (page 72) that the oscillometer mea- 
sures the mean blood pressure It is well to point out 
that there is no oscillometer yet available that will 
measure the mean blood pressure Such claims have 
been made, usually with reservations, but they are not 
correct Such an instrument would have many applica- 
tions if it were available 

To electrocardiography is assigned 45 pages Obvi- 
ouslyf, it IS impossible to present this subject in such 
a concise form Like many other authors, the attempt 
is made to do this, but is followed by the usual failure 
Patterns are presented for the student to memorize, 
without any explanations of the mechanism which is 
responsible for the abnormalities This is an error 
Medical students should learn the reasons for and the 
mechanisms concerned A good philosophic disserta- 
tion on the clinical applications and limitations of the 
electrocardiograph, with illustrations, is m order in a 
handbook of this sort In other words, the subject 
should be presented thoroughly from a basic point of 
view to medical students if the book is intended for 
source of study, or not at all As previously stated, 
the author perpetuates an error found in all one volume 
books on heart disease and has failed to clarify a com- 
mon deficiency of monographs on heart disease 

There are other examples of weakness in the hand- 
book It IS impossible to discuss each one The pres- 
entation of bundle branch block from the point of view 
of the medical student is certainly vague and inadequate 
This would be particularly true if a person should be 
confronted with the subject for the first time and seek 
information in the handbook Another example is the 
list of the “Unquestionable evidences of heart disease,’’ 
presented on page 466, which does not include a definite 
pericardial friction rub as a sign of heart disease 

Although the handbook has reached a third edition, 
to the surprise of the reviewer, it cannot be heartily 
recommended Furthermore, and unfortunately for the 
lazy or busy student, cardiovascular disease and its 
management cannot be effectively presented in a synop- 
sis as one might present a literary classic Misinter- 
pretation due to excessive brevity may lead to serious 
clinical consequences • 
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Laboratory Methods of the United States Army 
Fifth edition Edited by James Stevens Simmons, 
B S , M D , Ph D , D P H , Sc D (Hon ), Brigadier 
General, United States Army, Chief of the Preven- 
tive Medicine Service, Office of the Surgeon General, 
United States Army, Lecturer m Tropical Medicine, 
Army Medical School , and Cleon J Gentzkow, M D , 
Ph D , Colonel, Medical Corps, United States Army , 
Commanding Officer, Deshon General Hospital, 
Butler Pennsylvania, formerly Chief of the Division 
of Chemistry and Physics, Armv Medical School 
Approved by the Surgeon General of the United 
States Arm> Price $7 50 Pp 823, with 103 en- 
gravings and 8 color plates Philadelphia Lea & 

Febiger, 1944 

The medical officers who served m the division of 
infectious diseases in laboratories of the United States 
Army during the war of 1917-1918 may remember the 
first edition of “Laboratory Methods of the United 
States Army,” published m 1918 This was a small 
pocket manual of 256 pages, a true vade mecum for the 
laboratory worker This fifth edition, of 823 pages, 
each of which is double the size of the page of the 
fiist edition, is a comprehensive laboratory manual It 
IS dedicated to the memory of Dr George M Sternberg, 
who was Surgeon General of the United States Army 
during the last decade of the nineteenth century 
The editors have enlisted the services of twenty-three 
contributors, all of them either officers in the army or 
closely 1 elated as consultants in special fields The book 
IS divided into eleven parts as follows “Clinical 
Pathology,” “Chemistry,” “Mycology,” “Bacteriology,” 
“Rickettsiae and Filtrable Viruses,” “Protozoology,” 
“Helminthology,” “Entomology,” “Pathology,” “Special 
Veterinary Laboratory Methods” and “Statistical 
Methods ” Each of these parts has from one to twelve 
chapters, and usually several different authors have 
contributed to each part While the descriptions of 
technic are brief and the interpretations of necessity 
are much condensed, for the most part the procedures 
are adequate for the medical officer in a laboratory ser- 
vice Many chapters are followed by brief but adequate 
lists of references, which should stimulate further in- 
terest in special fields 

Special mention may be made of the chapter on the 
chemical examination of water, sewage and industrial 
waste, not usually found in a laboratory manual This 
chapter, along with chapter 30, on the bacteriology of 
water and sewage, gives important methods for exam- 
ination of these materials 

There is a complete chapter of thirty-eight pages on 
toxicologic methods Part 3, on mycology, contains 
three chapters which, with the references, should prove 
very useful It may be hoped that in future editions 
there will be an expansion of this part of the book 
Part 5 contains a chapter on rickettsias by Harry 
Plotz and a chapter on the filtrable viruses by John R 
Paul While both of these chapters are of necessit 3 ' 
brief, thev arc up-to-date and contain real information 
on these important subjects 
As mav be expected, the chapters in the parts on 
protozoolog}' and hclmintholog'\ are complete and of 
real importance 

Part 11, on statistical methods, is especiall} well done 
and should prove of use to the statistician 
While this book is of particular interest to the army 
officer, it doubtless will be found to be a popular addi- 
tion to the librar} of an} plnsician interested in labora- 
tory medicine 


Clinical Significance of the Blood in Tuberculosis 
By Gulli Lindh Muller, M D Price, $3 SO Pp 516 
New York The Commonwealth Fund, 1943 

This book contains a critical review of the literature 
and detailed serial hematologic findings m 1,000 con- 
secutive cases of pulmonary tuberculosis observed at 
the State. Samtorium at Rutland, Mass The values 
stressed are the red and white blood cell counts, differ- 
ential count, hemoglobin content, hematocrit reading and 
sedimentation rate The various parts of the book 
include (1) the physiology of the blood-forming organs 
and the cellular response to the tubercle bacillus, (2) 
changes in the circulating blood in tuberculosis , (3) 
the sedimentation rate, (4) clinical and hematologic 
data as measures of constitutional reaction , (5) the 
eftect of therapeutic methods, exercise and certain com- 
plications on the hematologic picture and (6) examina- 
tion of the blood 

The book is detailed enough to give the reader a 
comprehensive review of hematologic methods and in- 
terpretations, in w'hich there have been such great 
advances m the last fifteen years Included are numer- 
ous tables and charts and a bibliography of 604 refer- 
ences It would have been helpful if the author had 
added summaries at the end of the chapters 

Phthisiologists will find the volume of great assistance 
in making more extensive and intelligent use of hema- 
tologic data m the treatment of tuberculosis 

Synopsis of Neuropsychiatry By Lowell S Selling, 
Sc M , M D , Ph D , Dr P H Price, ?5 00 Pp 473 
St Louis C V Mosby Company, 1944 

The purpose of the author of this book appears to 
have been to collect the imuortant contributions of the 
various schools oi usychiatnc nosology and therapy 
An eclectic auuroach of this type to a subject as im- 
portant as psychiatry is worthy but difficult, unless one 
shows more unusual powers of discrimination than is 
suggested by the hodgepodge contained in these pages 

The section on neurology offers little advantage in 
time saving ovei a standard text and has the disadvan- 
tage of any synopsis in that it handles inadequately the 
more complex syndromes The part on mental dis- 
oiders inadequately describes the various forms of 
mental illness and the terminology used for them In- 
stead the pet terminology reaction type of subdivisions, 
and so forth, of vaiious contemporary psychiatrists 
receive rather moie lecognition than is necessary The 
frequent use of slang seems to this reviewer to have 
little place in a work of this type It is not apparent 
that the use of this pseudosemantic jargon increases the 
accuracy of the descriptions 

Terapeutica des los grandes sindromes digestives. 
Edited by C B Udaondo Pp 271, w'lth 7 figures. 
Buenos Aires, 1943 

This modest, paper-bound book gives an informal 
summarv of the methods used at the National Public 
Dispensary for Digestive Diseases in the medical and 
surgical treatment of all varieties of gastrointestinal 
disorders Although it lacks an alphabetical index and 
attempts no critical appraisal of fundamental assump- 
tions or statistical evaluation of results, the book is 
interesting as a readable account of prevailing theory 
and practice, for each of its eighteen chapters is written 
b} a different specialist and numerous prescriptions are 
given, both medical and dietary 
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Tropical Nursing A Handbook for Nurses and 
Others Going Abroad By A L Gregg Seccftid 
edition Price, §3 00 Pp 185 New York Philo- 
sophical Library, 1944 

The little book is valuable to persons bound for 
tropical zones for two reasons It gives excellent hints 
for the maintenance of health in the tropics and pro- 
vides specific information about materials and equip- 
ment needed The larger portion is devoted to brief, 
clear descriptions of the numerous tropical diseases to- 
gether with notes on treatment designed especially to 
meet the need of nurses and lay persons The material 
IS well written, up-to-date and dependable The book 
IS to be recommended for the purpose for which it was 
written, namely, as a small handbook useful to almost 
every one going to the tropics It would also serve 
well as a “Dispensary Handbook” m the tropics 

Die Blutersatzfrage im Felde By Prof Dr A 
Fonio Price, 3 80 francs (Swiss) Pp 48 Berne, 
Switzerland Medizinischei Verlag Hans Huber, 1943 

This booklet consists of a collection of five lectures 
on the use of blood substitutes on the battlefield written 
by the professor of surgery at the University of Berne, 
who reviews the whole subject with emphasis on the 
problem in the Swiss army With the exception of 
experiences of the German army in this field, most 
of the material discussed is well known to American 
physicians The absence of specific references detracts 
from the value of the lectures 

Vascular Responses in the Extremities of Man 
in Health and Disease By David I Abramson 
Price, §5 Pp 412, with 59 illustrations Chicago 
University of Chicago Press, 1944 

In his preface the author states that this book is the 
result of a need for the collection between two covers 


of the information on the vascular responses in the 
extremities which has accumulated m widely scattered 
journals He has accomplished his task in noteworthy 
fashion and has produced a comprehensive monograph, 
extensively documented, dealing with all phases of the 
subject. Methods and clinical applications are thor- 
oughly dealt with, and anatomic, physiologic and phar- 
macologic information is interpreted in its relation to 
disease The book should be valuable for reference 

Elimination Diets and the Patients’ Allergies By 
Albert H Rowe, M D Price, $3 50 Pp 256 Phila 
delphia Lea & Febiger, 1944 

This is the second edition of a well known and useful 
book The basic thesis of the author is that the use 
of cutaneous tests as a means of determining sensitiza- 
tions to food IS fallacious Certainly this is the general 
experience It follows, then, that other approaches are 
required to uncover the responsible foodstuffs The 
Rowe elimination diets have long been helpful in this 
regard Alaking allowance for a certain enthusiasm 
about the importance of foods in the production of 
symptoms, the book nevertheless is of value to all 
phy'-sicians and especially to allergists 

Symposium on Chronic Diseases In Medical 
Clinics of North America Pp 291-524, with 
44 figures Philadelphia and London W B Saun- 
ders Company, 1944 

This volume contains eighteen articles on chronic 
diseases of various kinds Most of the authors are 
recognized authorities in their fields, and the general 
practitioner will be helped and stimulated by reading 
them There is, however, no organic relationship be- 
tween the various articles, nor are they for the most 
part comprehensive There is a good deal of reiteration 
of common knowledge There are a number of tables 
and figures and an index 
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CLINICOPATHOLOGIC STUDIES OF RENAL DAMAGE 
DUE TO SULFONAMIDE COMPOUNDS 

A REPORT OF FOURTEEN CASES 

FRANCIS D MURPHY, M D , JOSEPH F KUZMA, M D , 
THEODORE 2 POLLEY, MD, and JOHN GRILL, MD 

MILWAUKEE 


It has become widely recognized that the kid- 
ney may be damaged in the course of therapy 
with sulfonamide compounds Such renal compli- 
cations may be classified roughly as follows 
1 Mechanical complications produced by masses 
of crystals of the sulfonamide compounds m the 
kidneys, pelves and ureters These lead to ob- 
structive lesions This group may be further 
subdivided into (a) the extranephnc, in which 
the concretions causing obstruction are within 
the pelves of the kidney or in the ureters, and 
(b) the intranephnc, in which the concretions 
ate m the kidney substance itself 2 Toxic intia- 
lenal lesions without mechanical obstruction 
These lesions occur within the kidney and are 
not associated with mechanical obstruction but 
may be attributed to the toxic effect of the sulfon- 
amide compound on the parenchymal tissue 
This class may be divided into three groups, 
which lepresent different phases of the same 
leaction and are not distinct divisions (a) sim- 
ple tubulai degeneration, (b) neciotic tubulai 
degeneration, and (c) glomerular changes In 
some instances there may be evidence of obstruc- 
tion and toxic paienchymal changes in the same 
kidney 

Shortly after the sulfonamide compounds came 
into general use, the mechanical oi obstructive 
lesions were diagnosed and treated adequately 
Nonobstructive toxic changes in the kidney were 
lecogmzed a little later, and during the past few 
ycais a considerable number of such cases have 
been repotted in the literature^ The combina- 

Prescnted before the Sixteenth Annual Meeting 
of the Central Society for Clinical Research, Chicago 
Nov 5, 1943 

From the Department of Medicine, Marquette Uni- 
versity School of Medicine, and the Medical Climes 
and Department of Pathology, Milwaukee Countj 
General Hospital 

1 (a) Murphy, F D, and Wood, W D Acute 
Nephritis and the Effect of the Sulfonamides on the 
Kidneys, Ann Int Med 18 999-1005 (June) 1943 
(f>) Merkel, W C , and Crawford, R C Pathologic 
Lesions Produced by Sulfathiazole Report of Four 
Fatal Cases, JAMA 119 770-776 (Julj 4) 1942 


tion forms have also been observed and com- 
mented on - While the injuries of the kidneys 
caused by raechamcal blocking of the urinary 
passages are the most common of all, the renal 
damage that occurs independently of obstruction 
IS apt to be more serious The reason for this 
IS that the obstructive masses may be removed 
mechanically while the toxic injuries are not so 
amenable to treatment Renal injury due to 
sulfonamide compounds requires prompt and 
early recognition of the damage, and this applies 
paiticularly to the toxic effects 

The purpose of this paper is to report the 
clinical and pathologic data for 14 patients, in 
all of whom renal damage developed after ther- 
apy with sulfonamide compounds 

CLINICAL FEATURES 

The observations on the 14 patients studied 
were made in the period from January 1939 to 

(c) Lederer, M, and Rosenblatt, P Death Duiing 
Sulfathiazole Therapy, ibid 119 8-18 (May 2) 1942 

(d) Wmsov, T, and Burch, G E Renal Complica- 

tions Following Sulfathiazole Therapy, ibid 118 1346- 
1353 (April 18) 1942 (c) Cutts, M , Burgess, A M , 

and Chafee, F H Treatment of Lobar Pneumonia 
with Sulfathiazole and Sulfapyridine, New England 
J Med 223 762-764 (Nov 7) 1940 (/) Finland, M , 

Peterson, O L, and Goodwin, R A, Jr Sulfadia- 
zine Further Clinical Studies of Its Efficacy and 
Toxic Effects in 460 Patients, Ann Int Mecl 27 
920-934 (Dec) 1942 (g) Tragcrman, L J, and Goto, 

J M Fatal Reactions to Administration of Sulfon- 
amide Drugs Report of Five Cases, J Lab & Clm 
Med 25 1163,1176 (Aug) 1940 (/i) Eggleston, C, 

and Weiss, S The Urinary Tract in Sulfcnainide 
Therapy, Am J M Sc 202 757-772 (Nov) 1941 
(i) Bradford, H A , and Shaffer, J H Renal Changes 
m a Case of Sulfadiazine Anuria, JAMA 119 316- 
318 (May 23) 1942 (j) Jeck, H S , and Orkm, L 

loMC Renal Reactions Following the Use of Sulfa- 
diazine, J Urol 49 290-301 (Feb ) 1943 

2 (a) Erganian, J A , and Doval, J H Fatal 
Anuria Following Administration of Sulfonamides with 
o Tubular Necrosis and Regeneration, J Lab 

& Dm Med 28 808-812 (April) 1943 (b) Hellwig, 

V ^ H L Fatal Anuna Follou mg Sulfa- 
diazme Therapy, JAMA 119 561-563 (June 13) 
1942 (c) Jeck and Orkm li 
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September 1943 This clinical study will empha- 
size the following features (1) the disease for 
ivhich the patient was treated, (2) the kind of 
sulfonamide compound and the amount of the 
drug given to each patient, (3) the largest, the 
average and the smallest total dose adminis- 
tered, (4) the first evidence of renal damage 
noted, (5) the subsequent course of the renal 
disorder, (6) the maximum blood levels of the 
drug at the time of renal injury and their vaha- 


tions, and, finally, ( 7 ) the cause of death and 
the postmortem diagnosis These data are sum- 
marized in the tables 

Of the 14 patients, 4 were male and 10 were 
female The oldest was 64 years old , the 
youngest, 1 year The others ranged from 19 
to 61 years of age Three of the 14 patients 
were given sulfonamide compounds for infections 
of the upper respiratory tract, 1 for erysipelas, 
4 for lobar pneumonia, 1 for bronchopneumonia, 


Table 1 — Chmcal Data m Foui teen Cases of Renal Insufficiency Due to Intoxication imth 

Sulfonamide Compounds 


Cace 


Age, 




Total 

Amount 

Gnen, 

Disease 

Maximum 

Blood Level 
of Sulfon 
amide Com 
pound. 

Mg per 

No 

Initials 

Tr 

Sex 

Occupation 

Drug 

Gm 

Treated 

100 Cc 

Urmarj Findings 

1 

O G 

S6 

P 

Housewife 

Sulfathiazole 

IS 

Infection of 
upper rcsplra 
tory tract 


Albumin, -f++ 

WBO, loaded 

RBO, many 

Oasts, none 

Crystals, none 

2 

M S 

51 

P 

Housewife 

Sulfathiazole 

Sulfadiazine 

22 

6 

Infection of 16 6 

upper respiratory 
tract, with acute 
streptococcic 
sore throat 

Albumin, 

WBO, 2-5/h p f 

RBO, 25/h p f 

Casts, none 

Crystals, none 

3 

E T 

25 

P 

Housewife 

Sulfathiazole 

\ 

15 

Streptococcic 

septicemia 

16 7 

Albumin, -1- 
WBO, few 

RBO, few to many 
Oasts, few, granular 
Crystals, none 

i 

A P 

51 

P 

Inmate of 
infirmary 

Sulfathiazole 

15 5 

Cystopyelitls 

07 

Albumin, ++-1- 
WBC,S-l0/h p f 

RBC, loaded 

Oasts, mnn\ 

Crystals, none 

5 

A B 

28 

P 

Housewife 

Sulfanilamide 

41 

Septicemia 
secondary 
to septic 
endometritis 

96 

Albumin, none 

WBO, few 

RBC, none 

Casts, mans 

Crystals, none 

6 

L S 

44 

M 

Laborer 

Sulfadiazine 

38 

Lobar pneu 
monia pulmo 
narj abscess 

11 0 

Albumin -f+ 

WBO mans 

RBC, 20-25/h p f 

Oasts, none 

Crystals many 

7 

L D 

45 

P 

Asylum 

inmate 

Sulfanilamide 

20 

Erysipelas, 

chronic 

nephritis 

15 0 

Albumin, ++ 

WBO loaded 

RBC, few 

Oasts, granular coarse 
Crsstals, 4 5/h p f 

8 

S M 

61 

M 

Laborer 

Sulfathiazole 

Sulfacetimide 

34 

26 

Pneumonia of 
lower lobe of 
left lung 

73 

Albumin, ++ 

WBO, 3 4/h p f 

RBO, many 

Casts, none 

Crystals, mans 

9 

10 

P W 

M M 

56 

1 

M 

M 

Laborer 

Sulfadiazine 

Sulfathiazole 

20 

065 

(10 grains) 

Lobar pneu 
monia 

Gastroenteritis 

39 

Albumin ++ 

WBC, none 

RBO, many 

Oasts, 1 2/h p f 
Crystals, mans 

Crystals, loaded 

11 

E V 

64 

P 

Saleswoman 

Sulfathiazole 

8 

Infection of 
upper respira 
tory tract 

12 4 

Albumin, -f-i-++ 

WBC, 1418/h p f 

RBO, many 

Oasts, many, granular 
and hyaline 

Crystals, none 

IS 

M S 

19 

P 

Housewife 

Sulfanilamide 

10 

Sepsis 


Albumin, 4-+++ 
WBO,710/h p f 

Oasts, granular and 
hyaline 

13 

M S 

19 

P 

Housewife 

Sulfathiazole 

39 

Pneumonia 

66 

Albumin, +-v--t- 
WBO, 12/h p f 

Casts, 1 4/h p f , gran 
ular 

Crystals, many 

14 

6 S 

38 

P 

Housewife 

Sulfadiazine 

34 

Bronchial 

pneumonia 

12 6 

Albumin + 

WBO 12/h p f 

RBO, loaded 

Oasts, few 

Crystals, many 
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1 foi cystop^elitis, 3 for streptococcic septicemia 
and 1 for gastroenteritis (table 2) Of the 
sulfonamide compounds employed, sulfathiazole 
was the one of choice and was used in 7 cases 
Sulfadiazine was given with sulfathiazole m 
1 case, sulfadiazine alone in 2, sulfanilamide m 
3 and sulfacetimide (acetylsulfanilamide) with 


Table 2 — Disease Tieated and Suljonaimde 
Compound Used 


Number of 


IMsease Treated Cases 

Infection of upper respiratorv tract 3 

Gastroenteritis 1 

Erysipelas 1 

Lobar pneumonia 4 

Bronchopneumonia 1 

Cvstopyelitis 1 

Septicemia 3 


Average Dose 
of Each 
Sulfonamide 
Number of Compound, 


Sulfonamide Compound Used Cases Gm 

Sulfathiazole 7 15 8 

Sulfathiazole (with sulfadiazine) 1 6 0 

Sulfadiazine 2 31 0 

Sulfanilamide 3 18 0 

Sulfacetimide (with sulfathiazole) 1 26 0 


Smallest single total dose used, 10 grains (0 65 Gm ) of 
sulfathiazole 


sulfathiazole m 1 The usual method of admin- 
istration was followed for all patients, that is, 
2 to 3 Gm of the drug was given at once and 
1 Gm thereaftei every four hours until* it was 
discontinued for some reason The largest total 
dose in any case was 41 Gm of sulfathiazole, 
and the smallest was 10 grains (0 65 Gm ) of 
the same drug The average total amount of 
sulfonamide compounds given before evidence of 
renal damage appeared was 20 Gm Judging 
from these observations, the quantity of the drug 
used bears little or no relation to renal injury 


Table 3 — Evidence of Renal Damage 


Number of pntients exhibiting 
renal damage before therapj 

First evidence of renal damage 
after thcrapj was begun 


Blood Ici'clB of drug at onset 
of renal damage 


Albuminuria 5 cases 


Oliguria 12 cases 

Anuria 1 case 

Generalized edema 1 case 

Crystals 1 

Red blood cells [with oliguria. 
Casts 1 5 cases 

Albumin J 

Red blood cells] with oliguria. 
Oasts ( 7 cases. 

Albumin (with anuria. 
Debris J 1 case 

Varied between 3 9 Mg per 100 
Cc to 16 7 Mg per 100 (5c 


Five of the patients had mild albuminuria 
without other evidence of renal involvement 
before the drug was administered (table 3) 
This was considered no contraindication to the 
use of sulfonamide compounds as sometimes 
renal impairment not onh does not become 
worse but clears during treatment with sulfon- 


amide diugs ^ Concerning the 14 patients under 
study, there was no correlation betw^een the pres- 
ence of albumin m the urine and the speed wnth 
which subsequent oliguria and anuria developed 
The average time for the development of signs of 
serious renal damage was four days Oliguria 
was the first evidence of seveie renal insuffi- 
ciency in 12 cases, anuria m 1 case and geneial- 
ized edema in 1 In 5 cases, red blood cells, 
gianular casts, albuminuria, and crystals of the 
sulfonamide compound were found associated 
wnth the oliguria In 7 cases of oliguria, red 
cells, casts and albumin were present but crystals 
were absent Retention of nitrogenous sub- 
stances in the blood was observed in all but 
4 cases The nonprotein nitrogen content ranged 
from 60 to 218 mg pei hundred cubic centi- 
meteis (table 4) The blood pressure was nor- 
mal in all cases of this series, except m 1 m 
which glomerular involvement dominated the 
pathologic picture post mortem In this case the 
blood pressure was abnormally high In the 
other cases, there w^as no significant change of 

Table 4 — Nonpiotein Niiiogen Content of the Blood 


E\ idence of Nitrogen Ten Cases 

Retention Day of Onset i ■' 


of Nitrogen Retention 
After Therapy 

VPas Bogun 

Nonprotein Nitrogen 
Levels, Mg 
per 100 Cc 

Creatinine 
Levels, Mg 
per 100 Cc 

6th 

176 6, 200 0, 218 5 

4 0, 4 0, 4 2 

5th 

600 

1 3 

5th 

85 6, 92 3 

2 3, 2 5 

12th 

85 0, 86 9 

30 

Cth 

75 0, 80 0 

3 0, 4 8 

2d 

92 3 


4th 

90 0, 128 4 

3 19, 3 33 

7th 

62 8 


7th 

135 0 


5th 

62 4, 140 0 

56 


the blood pressure during the course of renal 
insufficiency 

The level of the sulfonamide compound in the 
blood was determined in all cases, but no corre- 
lation could be made betw^een the height of the 
blood level and the type of damage sustained by 
the kidneys As illustration, 1 patient with a 
blood level of the drug of 16 7 mg per hundred 
cubic centimeters exhibited nephrotoxic changes 
consisting of simple tubular degeneration, w'hile 
in other cases, in which more severe damage w as 
seen, the blood level was relatively much lower 
Tw'o patients showed the combination form of 
nephrotoxic and obstructne changes In 1 the 
damage was caused by sulfathiazole and m the 
other b} sulfadiazine 

3 Fishberg, A M The Use of Sulfonamides in 
Renal Insufficiencj', J Ivit Sinai Hosp 8*509-513 
(Jan -Feb) 1942 Williams, R H , Longcope, W T, 
and Janeuay, G A The Use of Sulfanilamide in 
the Treatment of Acute Glomerulonephritis, Am J M 
Sc 203 157-1/2 (Feb) 1942 Murph) and Wood^'' 
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Of 14 patients, 5 died of uremia due to intoxi- 
cation with the sulfonamide compound and 1 of 
uremia due to nephritis One died of stiepto- 
coccic septicemia, another, of septicemia secon- 
dary to septic endometritis, and 1, of sepsis with 
generalized peritonitis Lobar pneumonia, in 1 
case complicated by pulmonary abscess, ac- 
counted for 2 deaths and bronchopneumonia 
for 1 One patient died of portal cirrhosis 
associated with heart disease The fourteenth 
patient (case 8 [S M]) survived after de- 
capsulation of the kidney, but, as a section of 
the kidney was removed for biopsy, the case of 
this patient is incorporated with those of the 13 
who died (table 5) 

REPORT or CASES 

The study of our cases leads us to believe that 
tlieie are three chief types of nephrotoxic damage 
of the renal parenchyma Undoubtedly these are 
illustrative of different degrees of the same 


Table 5 — Cause of Death of 14 Patients Treated 
with Sulfonamide Compounds 


Subject 

Initial 

Cause o£ Death 

1 

C G 

Uremia due to sulfathlazole Intoxication 

2 

M £> 

Uremia due to sullatliiazolo intoxication 

3 

E T 

Streptococcic septicemia 

4 

A G 

Uremia duo to sullathinzolo Intoxication 
superimposed on mtracapillary giomeruio 
sclerosis of diabetes 

5 

A B 

Septicemia secondary to optic endometritis 

e 

L S 

Lobar pneumonia with pulmonary abscess 

7 

L D 

Uremia due to nephritis 

8 

S M 

Survived 

9 

i vv 

Lobar pneumonia 

10 

M M 

Uremia due to sulfathlazole intoxication 

11 

L V 

Uremia due to sulfathlazole intoxication 

12 

M S 

Sepsis with generalized peritonitis 

13 

SI s 

Fronchopneumonia 

U 

G S 

Portal cirrhosis with obesity heart disease 


pathologic process Since the clinical features 
followed closely the same general pattern, 3 cases 
are given, each representing the clinical and 
pathologic phase peculiar to one of the types of 
nephiotoxic reaction found Case 1 exemplifies 
the simple type of damage to the kidney due to 
toxic effects of sulfonamide compounds associ- 
ated with obstruction Case 2 represents the 
group characterized by extensive tubular de- 
generation with necrosis of the pyramids The 
third case report is typical of the type in which 
extensive glomerular involvement is found in 
addition to widespread tubular injury 

Case 1 — L S , a man aged 44, entered the hos- 
pital complaining of hemoptysis and pain in the right 
side of the chest of five days’ duration The pain in the 
chest was accentuated by coughing, deep breathing 
and sneezing and was associated with fever, sweats, 
fatigue and weakness The patient had had a loss 
of weight of 12 pounds (5 4 Kg ) in the past month 

Physical examination revealed a ruddy-faced, per- 
spiring, well developed and well nourished white man, 
who appeared ill but in no respiratory distress The 


blood pressure was 110 systolic and 60 diastolic The 
temperature was 102 F , the pulse rate 96 and the 
respiratory rate 24 per minute The chest exhibited 
limited expansion, impaired percussion note, depressed 
breath sounds and a friction rub over tlie right lower 
portion anteriorly and posteriorly Large moist rales 
were heard throughout the right side of the chest, 
predominantly at the right apex A clinical impression 
of pneumonia of the lower lobe of the right lung was 
made 

The eiythrocyte sedimentation rate was 122 mm m 
one hour and 126 mm in two hours 

The roentgenogram of the chest revealed a partial 
consolidation of the lower half of the right pulmonary 
field 

Urinalysis revealed nothing abnormal 

In addition to general supportive measures, the 
patienc was given sulfadiazine, 2 Gm at once followed 
by 1 Gm every four hours with equal doses of sodium 
bicarbonate He continued to have a temperature 
ranging between lUj and lu2 F bulfadiazine was 
tolerated well, and the complaints were minimal except 
lor that of a productive cough The sulfadiazine level 
three days alter his entry was 10 2 mg per hundred 
cubic centimeters The urine on repeated microscopic 
examinations revealed no crystals, red cells or white 
cells 

On the ninth day after treatment was begun, the 
patient did not urina e Catheterization at first yielded 
no urine, but later in the day approximately 1 ounce 
(30 cc ) of urine containing numerous red and white 
blood cells was passed The sulfadiazine level of the 
blood was 11 mg per hundred cubic centimeters De- 
terminations of blood chemistry showed a nonprotein 
nitrogen content of 62 8 mg and a creatinine content 
of 3 mg per hundred cubic centimeters Up to this 
time the patient had received a total of 38 Gm of 
sulfadiazine 

Use of sulfadiazine was discontinued immediately 
Fluids in the form of 5 per cent dextrose were given 
both orally and parenterally at the rate of 1,000 
cc every four hours, but diuresis did not follow A 
diagnosis of sulfadiazine obstruction was made Cystos- 
copy was performed, and the washings from the 
bladder revealed numerous sulfadiazine crystals In- 
travenous urograms indicated no definite abnormalities 
A left posterior nephrostomy was done, but it was 
of little avail, though the patient did begin to void 
Examination of the urine showed albumin (2 plus), 
occasional red blood cells and white blood cells and 
many sulfadiazine crystals The course was retro 
grade, and the patient died approximately twenty-tour 
hours after operation 

Autopsy Report — Conditions observed at autopsy 
were most significant in the liver, lungs and kidneys 
The left kidney measured 18 by 9 by 7 cm , and 
weighed 550 Gm The lower half of the organ was 
replaced by a large, lobulated, hemorrhagic, yellowish 
tumor The capsule was loose Throughout the 
cortical tissue there were numerous petechial hemor- 
rhages and linear hemorrhagic streakings Some of 
the pyramids were streaked with gritty, grayish, radi- 
ating lines extending toward the cortical tissue m a 
fanhke manner The calices, pelvis and ureter con- 
tained a large amount of orange red sandlike concre- 
tions At the ureteropelv 1 C junction some of this 
material was firmly impacted, producing an obstruction 
and dilatation of the pelvis 

The right kidney weighed 330 Gm and similarly 
had a 2 5 cm yellowish red hemorrhagic tumor at 
the lower pole The width of the cortex measured 
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12 mm The gross observations were essentially the 
same as those of the left kidney The proximal third 
3 f the ureter was completely obstructed by an impacted 
mass of concretions The perirenal and hilar tissues 
of both kidneys were edematous Similar orange red 
concretions were found in the urinary bladder Above 
the left ureteral orifice were two grayish yellow necrotic 
plaques The mucous membrane of the entire kidney- 
urinary bladder tract was injected and granular 
Microscopic examination revealed a bilateral hyper- 
nephroma The concretions corresponded in structure 
to acetylated sulfadiazine Aside from this, the kidney 
substance exhibited considerable degenerative changes 
in the convoluted tubules Many of the epithelial cells 
were without nuclei and were greatly swollen, gran- 
ular and vacuolated Other tubular epithelium was 


The lungs showed both gross and microscopic evi- 
dence of lobar pneumonia in the stage of gray hepati- 
zation 

Cask 2 — C G , a 56 year old white woman, was 
admitted to the hospital in a state of semicoma T-lie 
patient, known to have diabetes with albuminuria, 
acquired an infection of the upper respiratory tract 
with bronchitis three days before entry, for which she 
was given sulfathiazole, 1 Gm every four hours up to 
the time of admittance Two days before entry she 
became grossly confused, and a day before her admis- 
sion to the hospital a definite oliguria developed 
Physical examination revealed an extremely obese 
white woman, 56 years of age, pallorous and jaundiced 
and with a uremic odor to the breath She was rest- 
less and confused The blood pressure was 118 systolic 



Fig 1 — Tubular degeneration The tubules are separated from each other by an edematous interstitial tissue 
Many of the tubular epithelial cells have lost contact with the basement membrane and are greatly swollen 
granular and vacuolated The nuclei are absent in some cells and pyknotic in others In some instances 
the tubular epithelium is condensed into a hyperchromatic mass oi cells having the appearance of a giant 
cell Hematoxylin and eosin , appro cimately 350 diameters 


desquamated (fig 1) The collecting tubules were filled 
with amorphous debris, consisting of cell detritus, pro- 
teins and sulfadiazine precipitates in noncrystalhne form 
Many glomeruli showed swollen tufts which filled out 
Bowman’s space All of the interstitial tissue was 
edematous and sparingly infiltrated by polymorpho- 
nuclear cells 

Ihe liver weighed 2,440 Gm Its capsule was tense 
and glistening, and the liver tissue was fatty, yellow 
and soft, with pronounced swelling of the lobular struc- 
ture Many of the cut surfaces were stippled with 
petechial hemorrhages klicroscopically the hepatic cord 
cells re\caled swelling and granularity Many were 
distended by large globules of fat Occasionallj areas 
of focal necrosis were seen In such places the hepatic 
cells were replaced by an accumulation of inflammator} 
cells Kupffer cells in general were sw’ollen 


and 64 diastolic The temperature (rectal) was 98 F, 
the respiratory rate was 24 per minute and the pulse 
rate 92 per minute A left apical systolic murmur w'as 
present, and the liver was palpable 

Examination of the urine revealed a 3 plus reaction 
for albumin, numerous white blood cells and 5 to 10 
red blood cells per high jiower field On entry, the red 
blood cell count w'as 2,850,000, with 7 5 Gm of hemo- 
globin, and the white blood cell count was 28,700, with 
66 per cent stab forms and 24 per cent segmented forms 
Chemical studies of the blood done at the same time 
'■how'cd a sugar content of 425 mg per hundred 
cubic centimeters, a nonprotem nitrogen content of 96 
mg and a creatinine content of 3 19 mg 
Despite the giving of approximately 2,500 cc of fluid 
intravenousl> c\ er> day, the oliguria persisted 1 he 
nonprotem nitrogen content rose to 128 4 mg per hun- 


438 


ARCHIVES OF INTERNAL MEDICINE 


dred cubic centimeters, and the carbon dioxide-com- 
bining power of the blood dropped to 42 8 volumes 
per cent The patient grew steadily worse and became 
more confused, dyspneic and lethargic She passed 
only 50 cc of urine during the terminal forty hours 
On her fourth day in the hospital she died in a state 
of uremia 

Autopsy Repoit — At necropsy interesting gross 
changes were found in the kidneys Both organs were 
greatly enlarged, having a combined weight of 600 Gm 
As soon as the capsule was opened, the swollen, shiny, 
tense kidney substance bulged through Between the 
capsule and the kidney substance a free fluid had accu- 
mulated The cortical surface was glistening and 
smooth Many petechial hemorrhages were visible on 
the surface On section, the swollen, edematous tissue 
w'as seen to be mottled with large grayish and hemor- 
rhagic areas The cortex measured 10 to 12 mm and 

I 


cells desquamated into the lumen, forming intraluminal 
pseudo giant cells Pus casts filled many of the tubules 
Other tubules nearer the areas of reaction were more 
affected, and small areas of tissue were destrojed 
by foci of granuloma-hke accumulations These col- 
lections were composed of monocytic cells resembling 
epithelioid cells, numerous lymphocytes, polymorpho- 
nuclear cells and occasional eosinophils At times these 
cells were seen about blood vessels and were accom- 
panied by multinucleated giant cells (figs 3 and 4) 
Some of the vessels had closely applied giant cells 
completely surrounding the circumference of the vessel 
(fig 5) The glomeruli revealed arteriosclerotic changes 
of hyalinization of the tufts and afferent vessels 

The liver consistence wms increased, and the surface 
appeared granular The cut surface likewise presented 
a granular appearance due to the enlarged elevated 
lobules surrounded by depressed fibrous bands The 



Fig 3 —Perivascular distribution of the inflammatory cells Many of the cells are polymorphonuclears, 
lymphocytes, plasma cells and epithelioid cells The vessel wall itself is undergoing degeneration Hematoxylin 
and eosin, approximately 700 diameters 


was streaked with numerous linear hemorrhages and 
petechiae All of the pyramids were bulging, dull 
grayish and soft The tissue of the pyramids showed 
complete necrosis but no evidence of any concretions 
(fig 2) All of the perirenal and hilar tissues were 
edematous 

Microscopic study of the kidney tissue revealed ex- 
tensive necrosis of the pyramids Such areas were 
represented by massive cellular disintegration All 
tubular epithelium was lost, only the edematous, dis- 
torted interstitial tissue remained The area between 
the viable cortical tissues and the necrotic pyramids 
•was represented by a highly cellular reaction Many 
of the cells of this zone were polymorphonuclear leuko- 
cytes The viable tissue of the cortex and the columns 
of Bertini showed numerous hemorrhages and pro- 
nounced vascular engorgement Many of the con- 
\oluted tubules were greatly sw'ollen and the epithelial 


conditions observed microscopically were those of portal 
cirrhosis with fatty infiltration and degeneration of the 
hepatic cells In many areas small foci of necrosis 
were visible in the lobules The cells in these foci were 
polymorphonuclear leukocytes, lymphocytes, monocjtic 
cells, eosinophils and plasma cells Pronounced swelling 
of the Kupffer cells was evident 

Case 3 — M S , a 51 year old white woman, entered 
the hospital complaining of a sore throat of four days’ 
duration The day prior to her entry to the hospital 
her private physician gave her sulfathiazole, 1 Gm 
every four hours, with equal doses of sodium bicar- 
bonate for an infection of the upper respiratory tract 
with acute streptococcic sore throat 

On entry to the hospital the patient had a temperature 
of 102 F, a pulse rate of 120 and a blood pressure of 
114 systolic and 70 diastolic On inspection she appeared 
toxic and febrile The pupils were equal and reacted 








Fig 2 — Gross Kidney on hennscction The entire organ is greatly enlarged, glistening and streaked r\ith 
heinoi rhages Both the cortex and the pyramids are bulging The cortical tissue is wide, soft and edematous 
-Ml pyiamids are neciotic The gray-jellow necrosis ineolves most of the pyramid substance The nincous 
membrane of the calices and pehis likewise is hemorrhagic 
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to light The throat was of a beefy, dr> color There 
was no nuchal rigidity, and there were no palpable 
lymph nodes The chest was essentially normal The 
heart beat was rapid and regular, and a sjstolic mur- 
mur was heard at the base The abdomen w'as dis- 
tended, and there was some tenderness at both costo- 
vertebral angles The upper and lower extremities plus 
the torso exhibited numerous erjthematous papules, 
some with small areas of vesiculation and others with 
large blotches of erythema 

The patient was given sulfathiazole, 2 Gm every four 
hours, with equal doses of sodium bicarbonate A 
study of the blood revealed a normal red cell count 
and a white cell count of 27,500, 21 per cent of which 
were stab forms, 61 per cent segmented forms and 18 
per cent lymphocytes 

The urine on entry showed a 2 plus reaction for 
albumin and only 2 leukocytes per high pow'er field 


seen On the fifth hospital day oliguria was noted, and 
shortly afterward a drug rash developed The use of 
sulfadiazine was discontinued, and fluids w^ere forced 
parenterally as well as orally The patient responded 
poorly 

By the eighth day in the hospital the patient had 
lapsed into a state of coma The temperature (rectal) 
continued to spike between 101 and 104 5 F , and the 
oliguria became more pronounced On the tw'elfth hos- 
pital day, the nonprotein nitrogen level had risen to 
140 mg per hundred cubic centimeters, and the crea- 
tinine level was 5 6 mg The coma became more 
profound, and the patient began to have edema of 
the lower extremities The blood picture revealed a 
slowly progressive anemia, with the red blood cell 
count falling to 3,700,000 and the hemoglobin content to 
60 per cent on the thirteenth hospital day The urinary 
picture continued to show a 4 plus reaction for albu- 



Fig 4— Giant cells in a granuloma-like focus These giant cells are found in addition to the cellular 
Complement of figure 3 They arise from the epithelioid cells that may also be seen m the photograph 
Hematoxylin and eosin , approximately 700 diameters 


Staphj lococci and nonhemolytic streptococci were 
present in the culture of material from the throat 
After the first twenty-four hours, sulfathiazole was 
reduced to 1 Gm every six hours On the patient’s 
second dav in the hospital the blood sulfathiazole level 
was 10 4 mg per hundred cubic centimeters The 
urine showed a 4 plus reaction for albumin and ap- 
proximately 25 red blood cells per high power field 
On this day use of sulfathiazole was discontinued 
and administration of sulfadiazine was begun, 0 5 Gm 
evcrv SIX hours The temperature continued to rise 
and ranged between 102 and 105 F rectallv On the 
third hospital day, the lev el of sulfonamide compounds 
in the blood was 16 6 mg per hundred cubic centi- 
meters The urine continued to show a 4 plus reaction 
for albumin, and there was a great increase in the 
number of red cells No crvstals of sulfadiazine were 


niin, numerous red blood cells and white blood cells 
and many granular casts In spite of alkalimzation, 
parenteral administration of fluids and general supportive 
measures, the patient died in a state of uremia on the 
thirteenth day after entrv to the hospital 
Autopsy Report — The right kidnej was swollen and 
weighed 260 Gm The cortical surface was smooth and 
glistening and stippled with petechial hemorrhages 
Throughout the congested, swollen, cut surface, there 
were yellowish gray pinpoint elevations These were 
found in the columns of Bertini The total cortex 
measured 10 to 12 mm m width The pelvis and 
calices had a swollen, hemorrhagic mucous membrane 
The left kidnej weighed 330 Gm The substance 
was deeply congested and speckled with minute dots 
as seen in the right kidnev Manv pjramids were 
gravish Microscopic changes were those of moderatel> 
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advanced tubular degeneration involving particularly the 
convoluted tubules Some of the collecting tubules, 
however, were filled with cellular debris and broken 
down polymorphonuclear cells In the interstitial tissue 
small collections of polymorphonuclear cells, lympho- 
cytes and plasma cells were found Most pronounced 
changes, however, were limited to the glomeruli, which 
had advanced changes of hyalimzation as described 
in intracapillary glomerulosclerosis of persons with 
diabetes who are past 40 years m age In addition, 
man/ tufts were greatly distended by polymorphonu- 
clear cells, lymphocytes and plasma cells The epi- 
thelial cells were swollen and proliferating Most 
glomeruli completely obliterated Bowman’s space, and 
some had well developed epithelial crescents infiltrated 
by numerous polymorphonuclear cells (fig 6) In some 
instances the glomerular tufts blended almost imper- 
ceptibly with Bowman’s capsule The afferent arterioles 
were thickened and hyahnized 

The liver was enlarged, fatty and granular, weighing 
2,300 Gm The cut surface was of a tan color and 
speckled with petechial hemorrhages and some larger 
hemorrhagic foci The lobules were indistinct Micro- 
scopically the significant observations were focal cel- 
lular infiltrations of polymorphonuclears, lymphocytes 
and plasma cells in the lobules 

COMMENT 

Of the numerous toxic complications caused 
by sulfonamide compounds, injury to the kid- 
neys IS the most serious Safeguarding the 
kidneys becomes an important part of the treat- 
ment While these complications are serious, 
they are comparatively uncommon when one 
considers the extensive use of the sulfonamide 
drugs According to the classification of these 
complications, those belonging m the mechanical, 
extranephric group are not different from others 
encountered in the literature This is the most 

4 (a) Antopol, W , and Robinson, H J Patho- 
logic and Histologic Changes Following Oral Admin- 
istration of Sulfapyridine, Arch Path 29 67-76 (Jan ) 
1940 (fc) Knoll, A F , and Cooper, F B Clinical 
Urolithiasis Medicamentosa Due to Sulfathiazole, Urol 
& Cutan Rev 44 292-294 (May) 1940 (c) Snapper, 

I , Liu, S H , Chung, H L , Yu, T F , and Sun, 
H M Hematuria Renal Colic and Acetyl sulfapyridine 
Stone Formation Associated with Sulfapyridine Ther- 
apy, Chinese M J 56 1-10 (July) 1939 (d) Pepper, 

D S , and Horack, H M Crystalline Concretions in 
Renal Tubules Following Sulfathiazole Therapy 
Widely Patent Foramen Ovale in Patient Aged 77, 
Am J M Sc 199 674-679 (May) 1940 (e) Gross, P , 
Cooper, F B , and Scott, R E Urolithiasis Medi- 
camentosa, Urol & Cutan Rev 44 205-209 (April) 
1940 (/) Prien, E L , Crabtree, E G, and Frondel, 

C Mechanism of Urinary Tract Obstruction in Sulfa- 
thiazole Therapy Identification of Crystals in Tissue 
by Polarized Light, J Urol 46 1020-1032 (Nov ) 1941 
(,g) Loewenberg, S A , Sloane, N G , and Chodoff, 
P Sulfathiazole Urinary Calculi in the Kidneys, 
Ureters and Bladder m the Absence of Marked Urinary 
Changes Following Sulfathiazole Therapy, JAMA 
115 2069-2071 (Dec 14) 1940 (/i) Reinhold, J G , 
Flippin, H F , and Schwartz, L Observations on 
the Pharmacology and Toxicology of Sulfathiazole in 


common type of renal injury and responds best 
of all to therapeutic measures When obstruc- 
tion occurs within the kidney, a cure is not as 
easily accomplished, although retrograde lavage 
and discontinuation of the drug should always 
be done Precipitation of the sulfonamide com- 
pound IS the etiologic factor in these obstruc- 
tions , precipitation should therefore be pre- 
vented so far as possible by the administration 
of adequate fluids and maintenance of an alkaline 
urine 

In this series of 14 cases, we have encountered 
a variety of renal changes due to the toxic effects 
of sulfonamide drugs on the renal parenchyma 
In some instances the damage was the essential 
cause of death, while in others it was of a char- 
acter serious enough to influence the course of 
the primary disease toward a fatal termination 
Our observations substantiate the general im- 
pression that a diminishing output of urine in a 
patient taking any of the sulfonamide compounds 
IS fair warning that renal injury has set in and 
that the use of the drug should be stopped 
promptly and restorative therapy started at once 
The corollary to this impression has been that a 
diminishing oliguria and a satisfactory diuresis 
are sufficient evidence that the renal damage has 
been overcome and that a favorable outcome is 
forthcoming This has met with contradiction in 
the work of Luetscher and Blackman ° They 
pointed out that m certain cases of damage to 
the kidneys by sulfonamide compounds diuresis 
may develop with a return to normal of the non- 
protein nitrogen of the blood but that the patient 
fails to recover This is attributed to an exces- 
sive volume of urine without adequate excretion 
of salt It IS emphasized that the failure to 
replace this lost (saltless) water may lead to 
unfavorable consequences Such a specific func- 
tional disturbance suggests, according to them, 
a corresponding specific renal lesion, which they 
found in the kidneys of 2 of their patients The 
possible site of the specific renal injury was given 

Man, Am J M Sc 199 393-401 (March) 1940 (t) 
Thompson, G J , Herrell, W E, and Brown, A E 
Anuria After Sulfadiazine Therapy, Proc Staff Meet , 
Mayo Chn 16 609-612 (Sept 24) 1941 (;) Schulte, 

J W , Shidler, F P , and Niebauer, J J Acute 
Urinary Suppression Following Sulfadiazine Therapy, 

J A M A 119 411-413 (May 30) 1942 (*) Keitzer, 

W A, and Campbell, J A Renal Complications of 
Sulfadiazine, ibid 119 701-703 (June 27) 1942 (/) Hall, 
W H , and Spink, W W Sulfamerazme Clinical 
Evaluation m One Hundred and Sixteen Cases, ibid 
123 126-131 (Sept 18) 1943 (w) Winsor and Burch 
(m) Bradford and Shaffer (o) Jeck and Orkm u 

5 Luetscher, J A, Jr, and Blackman, S S , Jr 
Severe Injury to Kidneys and Brain Following Sulfa- 
thiazole Administration, Ann Int Med 18 741-756 
(May) 1943 



441 


MURPHY ET AL — RENAL DAMAGE FROM SULFONAMIDES 


as the intercalated segments of the distal convo- 
luted tubules, the spiral portions of the proximal 
convoluted tubules and the ascending limb of 
Henle’s loop These authors added that in all 
of their cases it was not possible to correlate 
the retention of salt with the specific renal injury 
However, their suggestion that every patient 
with oliguria due to a sulfonamide compound 
should be observed and treated with the electro- 
lyte concentration of the blood in mind seems to 
us a valuable one Although we did not study 
this group of patients with the hyperchloremic 
svndrome in mind, the occasional determinations 
done revealed that hyperchloremia existed in 
1 case 


procedure brings relief is not entirely clear, but 
it may be possible that by reducing intranephnc 
tension it helps restore normal renal function 
It has been shown experimentally and in man 
that the sulfonamide compounds may depress 
renal function The literature also brings out 
that these drugs may go further and actually 
produce morphologic alterations of the renal 
tissue ® This observation has been confirmed by 
the experience reported in this stud}’’ Simple 
tubular degeneration is common to all kidneys 
damaged by sulfonamide compounds regardless 
of what other change may be present Advanced 
tubular degeneration is seen m the more fulmi- 
nating types of complications ° This may be 



Fig 5 — Cellular reaction showing the perivascular distribution of some of the giant cells These are irregular 
niultinucleated giant cells closely applied about the disintegrating vessel walls Hematoxylin and eosin , 
approximately 350 diameters 


Decapsulation of the kidney has been advised 
for the treatment of resistant anuria due to 
intoxication with a sulfonamide compound 1 his 
operation was performed in 1 of our cases, with 
splendid results Two other cases have been 
leported m the literature by Weinstein and 
Adams ® and Wattenberg and Coleman ' De- 
capsulation in both of the cases was followed by 
favorable lesults The mechanism by which this 

6 Weinstein M L , and Adams, E L Sulfa- 
tbnrole Anuria Cured bj Decapsulation of the Kidnevs, 

1 Surg 60 105-111 (April) 1943 

7 Wattenberg, C A , and Coleman, R C , Jr 
bulfathnrole Toxic Nephrosis and Kidnei Dccapsula- 
lum Suigcr% 14 570-573 (Oct) 1943 


8 (a) Finland, M , Strauss, E , and Peterson, O L 
Sulfadiazine Therapeutic Evaluation and Toxic Effects 
on 446 Patients JAMA 116 2641-2647 (June 14) 
1941 (6) Ravid, J M , and Chesner, C Fatal Case 

of Hemolytic Anemia and Nephrotic Uremia Follow- 
ing Sulfapyndine Administration, Am J M Sc 199 
380-385 (March) 1940 (c) Rake, G , van Dyke, H B , 

and Corwin, W C Pathologic Changes Following 
Prolonged Administration of Sulfathiazole and Sulfa- 
pyridine, ibid 200 353-362 (Sept) 1940 (d) Merkel 

and Crawford (c) Winsor and Burch ^<1 (/) Cults, 
Burgess and Chafee i*- (<7) Finland, Peterson and 

Goodwin (/i) Tragerman and Goto (1) Eggleston 
and Weiss (;) Bradford and Shaffer (A) Ergan- 
lan and Do^al-■' (i) Hellwig and Reed (vi) Prien, 
Crabtree and Frondel 

(Footnotes cctimcd 01 1 cxi paac) 
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seen in conjunction with interstitial tissue reac- 
tion and necrosis Since the sulfonamide drugs 
are actually toxic substances, it is not surprising 
that the tubular system of the kidney may be 
damaged This is the usual expression of dam- 
age such as that brought about by poisoning 
with mercury In some instances, however, there 
IS not only degeneration but an active tissue 
reaction to the drug, exhibiting an intense 
inflammatory type of response This is exempli- 
fied by our second case report The reaction 
in such cases is probably an expression of severe 
idiosyncrasy on the part of the renal tissue to 
the drug This is an important consideration in 
the observation of the inflammatory response 


swelling of the glomerular tufts and congestion 
are the most common Case 3, however, pre- 
sents a far advanced reaction in the glomeruli 
1 he severe swelling of the tufts, the obliteration 
of Bowman’s spaces, the plugging of the tufts 
by polymorphonuclear cells and the proliferations 
of epithelial cells which are infiltrated ^\lth pol}- 
morphonuclear cells brings to mind the many 
changes of Bright’s disease However, in this 
case, with a clinical history of cystopyelitis, the 
histologic changes of intracapillary glomerulo- 
sclerosis of diabetes, the presence of plasma cells 
and eosinophils in the interstitial tissue and the 
clinical course and the age of the patient point 
an ay from the typical picture of Bright’s disease 



Fig 6— Glomerulus showing hyalinized thickening of some of the tufts and diffuse infiltration by poly- 
morphonuclear cells A loose crescent may be seen infiltrated by polymorphonuclears Bowman’s space is 
narrow and irregular Hematoxylin and eosin , approximately 200 diameters 


outside the nephron, such as giant cells and the 
perivascular distribution of many of the granu- 
loma-like cell accumulations In this manner 
it may be true that it is actually an expression 
which is akin to periarteritis nodosa and other 
closely related lesions 

Glomerular changes are not encountered as 
frequently as tubular degeneration Simple 

9 Maisel, B , McSwam, B , and Glenn, F Lesions 
Produced with Sulfadiazine, Proc Soc Exper Biol & 
Med 49 715-717 (April) 1942 Cabot Case 28501, New 
England J Med 227 922-927 (Dec 10) 1942 Rottmo, 
A , and La Rotonda, O A Fatal Case of Urolithiasis 
Medicamentosa Caused by Sulfadiazine, J Urol 48 
310-317 (Sept ) 1942 Merkel and Crawford 


On the Other hand, it is impossible, in view of 
these conditions, to attribute all of the glomeru- 
lar changes solely and unequivocally to the 
sulfonamide compounds MacLeod has called 
attention to thfe development of an atypical 
Bright’s disease m 2 patients while receiving 
sulfapyridine for pneumonia His patients re- 
covered, but he expressed the belief that the 
drug was the responsible agent for the clinical 
picture resembling Bright’s disease 

This study suggests that a close relationship 
may exist between hepatic damage and the 

10 MacLeod, C M Chemotherapy of Pneumococcic 
Pneumonia, JAMA 113 1405-1410 (Oct 7) 1939 
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nephiotoxic complications The changes in the 
liver may be independent of therapy with sulfon- 
amide compounds or may be the lesult of such 
therapy Howevei it may be, closely related 
hepatotoxic complications due to the sulfonamide 
compounds are occasionally encountered In- 
vestigation of this is being earned on at present 
and will be reported at a futuie date 

SUMMARY 

An oppoitumty piesented itself to obtain clini- 
cal and pathologic data in 14 cases of renal insuf- 
ficiency due to intoxication with sulfonamide 
compounds Thirteen of the 14 patients died 
and were studied post moitem Decapsulation 
of the kidney was done and a biopsy specimen 
taken in the case of 1 patient who lecovered 

Most of the commonl)'- used sulfonamide com- 
pounds uere employed but sulfathiazole was the 
most commonly used one 

The primary disease under tieatment was con- 
sidered to play no part, or at any rate a small 
lole, in causing the lenal damage Although 5 
of the 14 patients treated had slight evidence 
of some renal involvement befoie therapy was 
begun, this was not considered a contraindica- 
tion to the use of sulfonamide compounds, as 
these drugs have been used successfully in the 
tieatment of acute nephritis 
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The quantity of the sulfonamide compound 
administered and the diug level in the blood 
appeared to be unimportant m pioducmg the 
renal damage As much as 41 Gm and as little 
as 10 grains (0 6 Gm ) were responsible for 
fatal renal injury 

In a few of oui cases deposits of crystals of 
the drugs in the uiinary tiact causing some 
degiee of mechanical obstruction were found 
associated with the nephrotoxic lesion, but this 
was not the rule, as in most of the cases reported 
the nephrotoxic lesion was independent of me- 
chanical blocking 

Histologicalljj theie was simple tubular degen- 
eration present m all the kidneys regardless of 
what other changes weie present Advanced 
tubular degeneration, necrosis of the tubular cells 
and intense inflammatory reaction outside the 
nephron in the surrounding tissues occurred m 
some cases These various tubular lesions un- 
doubtedly represent degrees in the severity of 
one piocess rather than different kinds of re- 
sponse In 1 case advanced changes m the 
glomeruli aie leported 

A correlation between the clinical featuies and 
the specific site for the renal tubulai damage 
was not determined m this study 



IMPORTANCE OF BRONCHOGRAPHY IN CASES OF 
UNRESOLVED PNEUMONIA 

CAPTAIN GEORGE S GRIER III 

MFDICAL CORPS, ARMY OF THE UNITED STATES 


The frequent demonstration of bronchiectasis 
by bronchographic studies in cases of unresolved 
pneumonia ^ has led to this study of 40 patients 
with bronchiectasis admitted to the station hos- 
pital, Fort Eustis, Va , from April 20, 1942 
to July 20, 1943 - 

It is the purpose of this paper not only to 
show the importance of bronchography m cases 
of unresolved pneumonia but also to demonsti ate 
that in numerous cases pneumonitis secondaiy 
to bronchiectasis is misdiagnosed as primar}. 
atypical pneumonia Atypical, or virus, pneu- 
monia has become a disease of paramount im- 
portance in increasing the noneflective rate of 
military personnel during the past few years ® 
It has been noted at this hospital, both by physi- 
cal and by roentgen examination, that in the 
average case atypical pneumonia resolves m 
about ten days, although the course may be 
prolonged for several months without any special 
complications However, in some cases a condi- 
tion which on the patient’s admission was diag- 
nosed clinically and roentgenographically as 
atypical pneumonia did not resolve completely 
and on further study, including bronchography, 
was found to be pneumonitis around a preexist- 
ing bronchiectasis Ogilvie ^ stated that 36 8 pei 
cent of his senes of 68 patients with bronchiecta- 
s.s demonstrated this syndrome It is well 
known that recurrent pneumonitis is the most 
common complication of bronchiectasis, and any 
pneumonia which fails to resolve should be sus- 
pected of being bronchiectasis ® However, pul- 

1 Pneumonia m which the pulmonary signs fail to 
clear up in the usual period 

2 The cooperation of the x-ray department, under 
Lieutenant T H Foust and Lieutenant R J Lutz 
Medical Corps, Army of the United States, made this 
study possible 

3 Campbell, T A , Strong, P S , Grier, G S , and 

Lutz, R J Primary Atypical Pneumonia Report of 
Two Hundred Cases at Fort Eustis, Virginia, J A 
M A 122 723 (July 10) 1943 ' 

4 Ogilvie, A G Natural History of Bronchiec- 
tasis Clinical, Roentgenologic and Pathologic Study, 
Arch Int Med 68 395 (Sept) 1941 

5 Lisa, J R , and Rosenblatt, M B Bronchiectasis, 
New York, Oxford University Press, 1943 


monary abscess, pulmonary tuberculosis and 
cancer of the lung must be considered Bullowa ® 
stated that bronchiectasis with consolidation sur- 
rounding the diseased bronchus may be mistaken 
for primary pneumonia and that pneumonia may 
be misdiagnosed bronchiectasis In none of the 
cases of this series was bronchiectasis thought 
to be secondary to primary atypical pneumonia 





Fig 1 (case 4) — Flat plate roentgenogram of the 
chest, showing pneumonitis of the lower lobe of the left 
lung 

Bionchiectasis stands second only to tubercu- 
losis as the most common chronic disease of the 
lungs ’’ The routine roentgenograms of the 
chest of inductees have kept most men with 
pulmonary tuberculosis from being inducted into 
the Army, but many men with bionchiectasis 
are not detected, since a normal roentgenogram 

6 Bullowa, J G M The Management of the 
Pneumonias, New York, Oxford University Press, 1939 

7 Norris, G W , and Landis, H R M Diseases of 
the Chest, Philadelphia, W B Saunders Company, 
1938 
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of the chest does not exclude bronchiectasis® 
Patient 30 had a normal roentgenogram of the 
chest, but extensive saccular bronchiectasis was 
revealed by bronchographic study with iodized 
poppyseed oil (fig 4) 

In this series of 40 patients, 9 were referred 
to the clinic for persons with diseases of the chest 
because of a history of chronic cough, hemoptysis 
or recurrent colds in the chest, wdiile the remain- 
der were admitted to the hospital with an initial 
diagnosis of primary atypical pneumonia 



Fig 2 (case 8) — Tubular bronchiectasis of the lower 
lobe of the left lung 

The symptoms on admission, m order of fie- 
quency, were cough, mucopurulent sputum with 
occasional blood streaking, substernal soreness, 
chills, fever and sweats Examination revealed 
slight impairment of resonance, suppressed 
breath sounds, and fine, crackling and coarse 
rales in the lower lobe of one or both lungs 
White blood cell counts showed slight leuko- 
cytosis but little increase in the polymorpho- 
nuclear neutrophils The sputum did not settle 
into three layers in any case, and no organisms 
predominated, but those present were usually m 
the gram-positive coccus group Clubbing of 
the fingers was not seen in any patient, although 
several men had long-standing symptoms and 
extensive disease Roentgenograms demon- 
strated stringy and mottled densities in the 
lower lobes of the lungs, usually unilateral and 
1? dialing out from the hilus toward the dia- 

8 Hedblom, C A Surg, Gynec & Obst 52 406, 
1931 


phragm (fig 1) Lateral roentgenograms of 
the chest frequently revealed a pneumonic 
process behind the diaphragm or a cardiac 
stiadow which could not be seen in the posterior- 
anterior exposure 

After four or five days the acute febrile stage 
usually subsided and the cough abated somewhat, 
with less sputum, while suppressed breath sounds 
and rales persisted or improved slightly Follow- 
up roentgenograms of the chest were taken at 
seven to ten day intervals and showed little evi- 
dence of clearing 

Bronchographic studies were done in cases 
in which resolution failed to occur in four to six 
weeks, and iodized poppyseed oil was injected 
into both sides even when the pneumonic process 
was unilateral Studies with iodized oil are 
contraindicated in the period of acute pneumo- 
nitis, since this procedure may produce an 
exacerbation of the acute process 



Fig 3 (case 4) — Fusiform and tubular bronchiectasis 
of the lower lobe of the left lung 


TECHNIC OF BRONCHOGRAPHY 

In preparation for the bronchographic study, 
the patient takes nothing by mouth after break- 
fast At 11 a m he is given 3 grains (0 18 Gm ) 
of sodium amytal At 1 30 p m % gram (0 01 
Gm ) of morphine sulfate and % 5 o gram (0 4 
mg ) of atropine sulfate are administered Local 
anesthesia is induced with cocaine hydrochloride, 
a 2 per cent solution being sprayed into the 
pharynx and a 10 per cent solution being injected 
into the larynx with a laryngeal cannula The 
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Bate of 
Broncho 

Past History of 

Diagnosis on 


Case 

Age 

gram 

Diseases of Chest 

Admission 

1 

J 

M 

27 

4/20/42 

None 

At pneumonia 
RLE 

2 

W 

' M 

S3 

4/21/42 

Chronic cough 
pneumonia 1920 

Bronchiectasis 

O 

A 

R 

27 

4/27/42 

Chronic cough 

At pneumonia 

E E E 

4 

J 

C 

28 

4/28/42 

None 

At pneumonia 

E E E RUE 

5 

H 

W 

36 

7/ 1/42 

Chronic cough 

Bronchiectasis 

6 

J 

E 

26 

7/ 7/42 

Pneumonia 10 
jr ago 

4.t pneumonia 

E E E 

7 

■w 

' K 

37 

8/15/42 

None 

At pneumoma 

R E E 1 E E E 

8 

G 

W 

25 

8/18/42 

M orked m soap 
stone dust, 
cough 2 mo 

Bronchiectasis 

9 

W 

M 

28 

8/21/42 

Chronic cough 

Bronchial asthma 

10 

c 

S 

40 

8/26/42 

None 

At pneumonia 
REE 

11 

G 

T 

27 

8/31/42 

Chrome cough 
for years 

Bronchiectasis 

12 

J 

M 

31 

9/25/42 

Chronic cough 

2 yr , worse in 
past 2 mo 

At pneumonia 

E E E 

13 

D 

D 

24 

9/29/42 

None 

4.t pneumonia 
REE 

14 

C 

S 

25 

10/ 1/42 

Pneumonia 5 yr 
ago chronic 
cough 

Bronchiectasis 

15 

W 

G 

35 

10/30/42 

Chronic cough 

Bronchiectasis 
with pneumonitis 

i6 

J 

S 

44 

11/12/42 

Chronic cough 

15 yr 

Bronchiectasis 
with pneumonitis 

17 

w 

B 

21 

11/18/42 

None 

At pneumonia 

E E E 

IS 

G 

J 

20 

11/27/42 

Pneumonia twice 
in childhood 
chrome cough 

4t pneumonia 

E E E 

19 

W 

P 

34 

11/27/42 

Pneumonia In 
childhood 

At pneumonia 
bilateral 

20 

A 

P 

40 

11/28/42 

Chronic cough 

Bronchiectasis 
with pneumonitis 

21 

H 

S 

20 

1/ 6/43 

None 

At pneumonia 

E E E 

22 

J 

R 

20 

3/ 3/43 

Chronic cough 

At pneumonia 
EEL 

23 

C 

S 

27 

3/17/43 

Chrome cough 
since childhood 

At pneumonia 
ELL 

24 

P 

G 

28 

3/18/43 

None 

At pneumoma 
RLE 

25 

A 

G 

34 

4/ 5/43 
5/12/43 

None 

At pneumonia, 
atelectasis 

26 

J 

H 

20 

3/23/43 

None 

At pneumonia 
LEE 

27 

S 

W 

32 

4/ 9/43 

Chrome cough 
for rears 

Chrome bronchitis 

28 

R 

C 

18 

4/23/43 

Chronic cough 
since pneumonia 
at 4 

Lobar pneumonia 

29 

G 

E 

IS 

5/ 3/43 

None 

At pneumonia 

SO 

C 

H 

19 

5/ 6/43 

Cough since 
pneumonia 1941 

At pneumonia 

31 

A 

T 

20 

5/ 8/43 

None 

Acute bronchitis 

32 

D 

H 

20 

5/18/43 

Chrome cough 
for years 

At pneumonia 
RLE 

33 

0 

M 

21 

5/22/43 

None 

At pneumonia 

R M L 

34 

C 

S 

31 

5/28/43 

Chrome cough, 
hronchopneu 
moniB 2 yr ago 

Bronchiectasis 

35 

c 

S 

20 

6/ 3/43 

None 

At pneumonia 

R L E , R ^ E 

36 

E 

M 

21 

6/10/43 

Cough since 
pneumonia 1942 

At pneumoma 
REE 

37 

R 

G 

19 

6/11/43 

Prequent chest 
colds Since 
childhood 

At pneumonia 
RLE 

38 

W 

Jj 

27 

6/23/43 

Chronic cough 
since pneumonia 
(“flu ’) 1933 

At pneumonia 
LEE 

39 E 

T 

19 

7/ 1/43 

Chronic cough 

2 yr 

At pneumonia 

40 

B 

M 

19 

7/20/43 

Chronic cough 
since pneu 

At pneumonia 

E E E,R E E 


monia 1942 


Type of 
Bron 
chiectasis 

Extent 

Location 

Comments 

Fusiform 

Moderate 

R L E.R M L 


Fusiform 

Moderate 

R M E.L E L 


Fusiform 

Moderate 

EEL 


Fusiform 

Extensive 

LEE 


Saccular 

Moderate 

E E E 


Fusiform 

Moderate 

LEE 


Fusiform 

Mild 

R E E.E E E 


Tubular 

Moderate 

ELL 

Pneumoconiosis pa 

Tubular 

Moderate 

LEE 

tient admitted after 
severe hemoptysis 

Saccular 

Moderate 

REE 


Tubular 

Moderate 

LEE 

Dementia precov 

Fusiform 

Mild 

LEE 

Secondary anemia 

Fusiform 

Moderate 

R E E,E E L 


Fusiform 

Moderate 

R L E, E E L 

Loss of weight. 

Fusiform 

Mild 

LEE 

postnasal drip for 1 
yr , secondary 
anemia 

Abscessed teeth 

Tubular 

Mild 

LEE 

Frequent hemopty- 

Tubular 

Extensue 

LEE 

sis, profuse sputum 

Fusiform 

Moderate 

R E L,L E L 

Frequent colds In 

Tubular 

Moderate 

EEL 

chest 

Saccular 

Extensive 

E E L ,R E L 


Tubular 

Extensive 

LEE 


Tubular 

Extensive 

EEL 


Tubular 

Moderate 

LEE 

Postnasal drip for 

Tubular 

Localized 

RLE 

20 yr 

Tubular 

Mild 

LEE 

Second broncho 

Tubular 

Moderate 

EEL 

gram showed 
improvement 

Fusiform 

Localized 

ELL 

Second broncho 

Saccular 

Extensive 

RLE 

gram 2 mo later 
showed Improve 
ment 

Prolonged convales 

Fusiform 

Mild 

RLE 

ccnce from pneu- 
monitis 

Persistent signs of 

Saccular 

Extensive 

RLE 

consolidation 
Marked puddling ef- 

Tubular 

Mild 

RLE 

fect on broncho 
gram 

Tubular 

Moderate 

R M E,R E E 


Tubular 

Moderate 

R M L 


Saccular 

Localized 

RLE 

Prequent colds in 

Fusiform 

Extensive 

R M E.R E L 

chest and 
hemoptysis 

Tubular 

Moderate 

R M E,R L L 


Tubular 

Moderate 

RLE 


Tubular 

Extensive 

EEL 


Fusiform 

Localized 

R M E 


Tubular 

Moderate 

EEL 
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actual bionchogiaphic examination is then 
earned out as follows 

1 Using a soft rubber catheter, place the tip 
in the piiiform sinus as shown under fluoio- 
scopic examination in the lateral view 

2 Inject iodized poppyseed oil after the 
patient has been placed in the desiied position 
to outline a specific lobe 

3 Under fluoroscopic control note well the 
flow of the oil through the bronchi out into the 
alveolar spaces 

4 Take stereoscopic anterior-posterioi and 
oblique films when both sides are outlined If 



Fig 4 (case 30) — Saccular bronchiectasis of the 
lower lobe of the right lung, with a puddling effect 
The bronchogram of the lower lobe of the left lung is 
normal 

one side is being studied a lateral may be substi- 
tuted for the oblique view 

Postural drainage should be instituted after 
the patient returns to the ward 

Although the age group was limited, it was 
found that the average age was 26^2 years and 
that 17 patients w'^eie under 25 years, 17 between 
25 and 35 and 6 over 35 

SUMMARY or CLINICAL DATA 

In summarizing the statistical data (presented 
in the accompanying table) it is found that the 
distribution of bronchiectasis was usually uni- 
lateral (30 cases) and most frequently involved 
the louder lobe of the left lung (20 cases , 50 pei 
cent) The preponderance of left-sided disease 


111 instances of unilateral bionchiectasis is in 
accord with Ogilvie's ^ series The lower lobe 
of the light lung was occasionally affected alone 
(8 cases, 20 per cent), while the middle lobe of 
the right lung rarely demonstrated the disease 
n> itself (2 cases, 5 pei cent) “Bilateral distri- 
bution was noted in 6 cases (15 per cent) , in 5 
of these the lobes of both lungs were involved, 
\/hile in the remaining case the middle lobe of 
the right lung and the lowei lobe of the left were 
affected In 4 cases (10 per cent) the diseased 
bronchi were limited to the middle and lower 
lobes of the right lung together Fairell’s® 
figures in 100 cases show^ed involvement of the 
left lung in 41 pei cent, of the right lung m 
23 per cent and of both lungs in 36 per cent 
Fletcher found a similar distribution in 100 
cases, with the left lung involved in 43 per cent, 
the light lung in 25 pei cent and both lungs 
m 32 per cent It is inteiestmg to note that 
none of the patients in whom disease of upper 



Fig 5 — Bronchogram showing blunting of the bronchi 
and absence of alveolar filling, with no evidence of dila- 
tation of the bronchi This patient had some atelectasis 
of the lower lobe of the left lung 

lobes was suspected could be demonstrated to 
have bronchiectasis in the upper lobes 
Tubular (19 cases) and fusiform (15 cases) 
dilatations were the most frequent type of 

9 Farrell, J T , Jr Importance of Early Diagnosis 
m Bronchiectasis Clinical and Roentgenologic Study of 
One Hundred Cases, J A M A 106 92 (Tan 11) 
1936 

10 Fletcher, E J J Thoracic Surg 4 461, 1935 
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bi onchiectasis demonstrated while the saccular 
form (6 cases) was seen rather infrequently 
(figs 2, 3 and 4) 

According to Lisa and Rosenblatt “ the size 
and extent of the dilatations have no direct rela- 
tion to the severity of the disease However, 
It IS of interest to note that 9 patients in this 
series showed extensive bronchiectasis, 20 mod- 
erately severe and 7 mild, and only 4 had local- 
ized disease 

In 2 cases not included m this series a diag- 
nosis of primary atypical pneumonia was made 
on the patient’s admission and the course of the 
disease was similar to that described in this study 
Bronchographic studies did not show dilatation 
of the bronchi but demonstrated atelectasis, as 
shown by absence of alveolar filling, blunting 
and crowding together of the bronchi (fig 5) 
Follow-up studies with iodized oil in six weeks 
levealed complete aeration of the atelectatic areas 
and normal bronchial trees These 2 cases are 
mentioned because atelectasis without bronchial 
dilatation must not be confused with atelectatic 
bronchiectasis, since the former is reversible 
while the latter usually is not ^ 

Brennemann stated that early diagnosis of 
atelectasis as a prebronchiectatic condition is 
important and that the condition can be cured 
by removal of the obstruction and bronchoscopic 
aspiration 

COMMENT 

It has been found in this study that the differ- 
ential diagnosis between primary atypical pneu- 
monia and pneumonitis around bronchiectasis is 
difficult at the onset A history of chronic cough, 

11 Brennemann, J Dis of Chest 9 39, 1943 


especially following bronchopneumonia in child- 
hood, hemoptysis, profuse sputum or frequent 
colds in the chest makes one suspicious of 
bronchiestasis, although in some cases the past 
history may be entirely without such elements 
In the series under study, only 23 patients gave 
a history of chronic cough, and in 9 of these 
patients the cough developed after a previous 
attack of pneumonia 

The frequent diagnosis of this disease is 
brought out by the fact that during the fifteen 
months m wdiich this study was made there was 
an average of 2 66 cases a month This is signifi- 
cant when one considers that the patients were 
inducted into the Army as healthy young men 

The importance of bronchography in cases of 
unresolved pneumonia is demonstrated by the 
fact that 31 of 40 bronchiectatic patients were 
admitted to the hospital with an acute pneumonic 
process which did not show clearing by physical 
or roentgen examination after prolonged treat- 
mient 

SUMMARY AND CONCLUSIONS 

Forty patients with bronchiectasis were ad- 
mitted to the station hospital at Fort Eustis, Va , 
during a period of fifteen months Sixty-seven 
and five-tenths per cent of the patients in this 
series had an initial misdiagnosis of primary 
atypical pneumonia and subsequently were found 
to have pneumonitis around a preexisting bron- 
chiectasis 

In 75 per cent of the patients the bronchiec- 
tasis was unilateral, in two thirds of these it 
involved the lower lobe of the left lung 

Bronchographic studies should be done in all 
cases of pneumonia which fail to resolve in a 
reasonable period (four to six weeks) 



INFECTIOUS MONONUCLEOSIS 

A STUDY OF ONE HUNDRED AND NINETY-SIX CASES 


ANDREW W CONTRATTO, MD 

CAMBRIDGE, 


Infectious mononucleosis, also called glandular 
fever, presents a problem in diagnosis to 
physicians, especially those attending large 
groups of young people Although it is well 
Known that any young febrile adult suffering with 
symptoms of a more or less simple sort (cold, 
sore throat, grip, etc ) should be suspected of 
having infectious mononucleosis and the neces- 
sary laboratoiy tests made to determine the fact 
definitely, the procedures are often overlooked 
At the Stillman Infirmary, connected with Har- 
vard University, my colleagues and I have ob- 
served and attended a large number of young men 
suffering from this disease I believe that this is 
the largest series yet reported and made available 
for study From 1935 up to and including June 
1943 there were 12,601 men admitted to the Still- 
man Infirmary for medical care, of whom 249 had 
a oischarge diagnosis of infectious mononucleosis 
Of this number, 53 were eliminated as not pre- 
senting a typical enough picture of the disease 
to have their cases included in this study The 
cases of the remaining 196 patients aie the basis 
for the material presented here 

This group of 196 patients is 1 5 per cent of 
the total number of medical admissions — a high 
incidence when compared with the figures in 
general hospitals 

At the Peter Bent Brigham Hospital, in Bos- 
ton, there Vrere 16,907 medical admissions from 
September 1935 to June 1943 Of this number 
a diagnosis of infectious mononucleosis was made 
for only 61 persons, a sharp contrast with the 
figures from the infirmary 

Spark ^ stated that in the Sydney Hospital, 
Australia, there had been but 9 inpatients with 
a diagnosis of infectious mononucleosis, or gland- 
ular fever, in the last twenty-two years and in 
the Royal Prince Albeit Flospital but 7 such 
patients in thirty-two years , at the Royal Alex- 
ander Hospital for Childien, he was unable to 
find any inpatient with this diagnosis Spark 
expressed the belief that this small number was 
due largely to the lack of an accurate diagnosis. 

From the Department of Hygiene, Harvard Univer- 
sity 

1 Spark, TEH Infectious Mononucleosis A 
Problem in Diagnosis, M J Australia 2 413, 1942 


MASS 

as it was not until 1934 that there were any cases 
of infectious mononucleosis reported in these in- 
stitutions 

Longcope - reported 10 cases which he had 
gathered from 1909 to 1922 and made the state- 
ment that the “disease has been mistaken for 
tuberculosis, typhoid fever, Hodgkin’s disease, 
and leukemia ” 

The reasons for the discrepancy between the 
number of diagnoses of this disease in a college 
infirmary and in a general hospital are that my 
series dates only from 1935 and the recognition 
of infectious mononucleosis is recently moi e com- 
mon Also, a general hospital admits persons of 
all ages, and infectious mononucleosis is a dis- 
ease with a special affinity for the young, al- 
though Moir ^ reported the case of a patient of 
70 In addition, many patients with infectious 
mononucleosis do not feel ill enough to see a 
physician, much less be admitted to a general 
hospital The students at Harvard University 
usually do not escape the eye of a physician, as 
it is a rule that an ill student must report to the 
department of hygiene and m this way even a 
mild indisposition is. discovered 

The problem of diagnosis in infectious mono- 
nucleosis cannot be overemphasized, especially 
from the point of view of a college infirmary, 
where many students are far from home and 
anxious parents are apt to write or telegraph and 
otherwise seek accurate information Because 
the typical blood changes and laboratory criteria 
for making this diagnosis certain may not appeal 
for many days after the onset of the symptoms, 
it IS naturally unwise without this information to 
characterize the disease by name, even though 
one IS suspicious of its presence The vaiiabihty 
of the symptoms and physical manifestations with 
accompanying complications combine to make 
this illness a diagnostic problem, and, although 
recent knowledge and interest m the subject have 
greatly assisted in eliminating some of the dif- 
ficulties, It is not understood well enough to rule 
out at all times rather serious diagnostic pro- 

2 Longcope, W T Infectious Mononucleosis 
(Glandular Fever) with a Report of Ten Cases, Am 
J M Sc 164 781, 1922 

3 Moir, J I Glandular Fever in the Falkland 
Islands, Bnt M J 2 822, 1930 

449 



450 


ARCHIVES OF INTERNAL MEDICINE 


cedures However, too frequently patients have 
had to endure excision of lymph nodes, sternal 
puncture or blood transfusion before infectious 
mononucleosis was suspected and simple labora- 
tory procedures made the diagnosis certain 
Extended fatigue and general malaise, which is a 
common feature of this disease, may excite the 
patient or his family with the thought of a linger- 
ing illness 

Bernstein,^ discussing 66 cases, has given the 
most complete and comprehensive repoi t on 
this subject to date, with a leview of the litera- 
ture which includes 207 references In this 
excellent paper, he has desciibed in great detail 
man}' of the difficulties which I have only 
touched on at this point His thorough obser- 
\ations and description of the symptomatology, 
clinical manifestations and laboratory data have 
been a source of great assistance m the prepara- 
tion of this paper 

Infectious mononucleosis is benign for the 
most part, but because of the variability of com- 
plaints before the onset, the variability of the 
initial symptoms, the many and varied physical 
signs and complications of both a mild and 
seemingly alarming character during the course 
of the illness, it was felt that the series at the 
Stillman Infirmary afforded important detailed 
information of a clinical nature which should 
be presented for practical purposes in the study 
of infectious mononucleosis No attempt has 
been made to suivey the literature on this sub- 
ject completely nor to present laboratory data 
or research material past and present The 
purpose of the paper is to present observations 
on a laige group of patients whose final clinical 
diagnosis of infectious mononucleosis has been 
as accurate as it was possible to make and with 
as much clinical evidence as I have collected 
to demonstrate the extreme variability of the dis- 
ease in all its stages, in the hope that some of 
the diagnostic problems may be clarified 

INCIDENCE 

The patients discussed in this study were all 
students of Harvard University with an average 
age of 20 years, the youngest being 17 and the 
oldest 26 The study covers an eight year 
period of admissions to the Stillman Infirmary, 
from the fall of 1935 to June 1943 The diag- 
nosis of infectious mononucleosis was made in 
249 instances, but in a critical survey of the 
case histones 53 were excluded because of a 
negative result of a heterophile test or a blood 
smear that was not considered typical Un- 
doubtedly some of these persons whose cases 

4 Bernstein, A Infectious Mononucleosis, Medi- 
cine 19 85, 1940 


were excluded were suffering with infectious 
mononucleosis, and a more complete study would 
have enabled my colleagues and me to make a 
certain diagnosis 

Although some authors feel that the disease 
is more prevalent during certain seasons or 
months of the yeai, this has not been borne out 
by this study (table 1) Inasmuch as the infir- 
mary was not open during the summer months, 
with the exception of the summei of 1942, the 
incidence \iould be much less m this season 
Also, the Chi istmas holidays, of at least ten days 
to two weeks, would account for the lower 
number of cases during December 

Epidemics of infectious mononucleosis have 
been reported by sei^eral authors,® but I hare 
had no reason to suspect that the disease is 
highly contagious The discrepancy m the num- 
ber of cases from year to year (table 1) is m 
my opinion due to the fact that the diagnosis 
was made more frequently when the visiting 

Table 1 — Incidence of Infcchons Mononucleosis 


Monthly Totals 

Yearly Totals 1935 1943 


1933-1930 

9 

January 

21 

1930 1937 

IS 

February 

March 

27 

22 

1937 1938 

18 

April 

23 

1938-1939 

20 

May 

June 

29 

10 (partial vacation) 

1939 1940 

20 

July 

vacation 

1940 1941 

or» 

tugust 

vacation 


September 

12 (partial vacation) 

1941 1942 

44 

October 

34 

1942 1943 

22 

November 

December 

9 

9 (partial yacation) 

Total 

193 

Total 

190 


personnel of the infirmary suspected the illness 
and made the necessary tests to prove it Also, 
the amount of general illness varies considerably 
from year to }ear in the infirmary, the total 
number of admissions in one year being 1,500 
and in another, 2,200 Therefore, I feel that the 
scale in numbers is not indicative of epidemic 
proportions in our study No special precautions 
were used in the handling of these patients, and 
they were admitted to an open w^ard To my 
knowledge, there w^as no instance in which a 
patient in an open w ard has contracted the 
disease from another patient Also, no case was 
reported of one roommate’s contracting the dis- 
ease from another, although the patient may have 

5 (a) Pfeiffer, E Drusenfieber, Jahrb f Kmderh, 
29 257, 18S9 (b) Guthrie, C C , and Pessel, J F 

An Epidemic of “Glandular Fever” m a Preparatory 
School for Boys, Am J Dis Child 29 492 (April) 
1925 (c) Moneneff, A Two Cases of Glandular 

Fever in a Family, Lancet 1 883, 1932 (4) Nolan, 

R A Report of So-Called Epidemic of Glandular 
Fever (Infectious Mononucleosis), U S Nav M Bull 
33 479, 1935 (e) West, J P An Epidemic of 

Glandular Fever, Arch Pediat 13 889, 1896 
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been ill for several days before being admitted 
to the infirmary This experience is different 
from that which one encounters when dealing 
with diseases which are obviously highly con- 
tagious, such as measles, German measles, 
chickenpox and mumps 

SYMPTOMATOLOGY 

One of the most striking features of infectious 
mononucleosis is the wide variability in the type 
and severity of its symptomatology Several of 
the patients in this series were thought to be 
neurotic because of their continuous complaints 
of extended fatigue and malaise although the 
general physical examination showe'd nothing 
abnormal and there was no elevation of tempera- 
ture The accurate diagnosis was made only 
after a blood count and smear proved to be 
typical of this disease On the other hand, in 
contrast to this mild onset, many of the patients 
were prostrated, with high fever, resembling the 
picture of typhoid or seveie sti eptococcic infec- 
tion of the throat Between these two extremes 
is the great majority, with such a wide varia- 
bility of symptoms and physical signs that unless 
adequate thought had been given to infectious 
mononucleosis the diagnosis would have gone 
into the general category of infections of the 
upper respiratory tract 

Sore throat was undoubtedly the most common 
symptom of which these patients complained 
Although It did not occur as the presenting 
symptom in more than 50 per cent of the cases, 
it developed at some time during the course of 
the illness, so that all except 35, or 18 per cent, 
of the patients had this complaint at some time 
during the infection The degree of sore throat 
was variable, being of a mild nature in some, 
described as merely “dry,” while in others it was 
; so severe as to cause pain when the patient was 
swallowing liquid 

Headache often heralded the onset of the dis- 
^ ease, being so mild in some cases that little atten- 
tion was given to it while in others it was ex- 
^ tremely severe, of enough concern to the phy- 
sician to make him question whether he might 
be dealing with typhoid or spinal meningitis 

Fatigue and general malaise were both fre- 
quent companions to other symptoms, often pre- 
ceding the more acute onset of the illness by 
some days or even a week or two 

Gastrointestinal symptoms were not particu- 
larly prevalent, and, with the exception of pa- 
tients in whom jaundice, nausea and vomiting 
later developed, it occurred very infrequently 
Pfeiffer and Bernstein ^ both mentioned that 
the frequency of constipation is striking, but it 
was present m only a few of these patients It 


seemed worthy of little consideration as a symp- 
tom of the disease, since any active patient con- 
fined to bed may become constipated Diarrhea 
also was an infrequent symptom , the only case in 
which it was serious is discussed m the paragraph 
on complications Abdominal pain was present 
in only a few instances in this series and was 
usually accompanied by diarrhea A report 
of 1 case in which abdominal pain was indicative 
of a condition in the abdomen requiring surgical 
treatment is also discussed in the paragraph on 
complications In this case, an acutely diseased 
appendix was removed This example contrasts 
sharply to abdominal pain and the sequelae as 
described by Davidsohn,® who, in his experience, 
never found a typical acutely inflamed appendix 
when operation was performed but found what 
he felt to be a condition due to a direct com- 
plication of infectious mononucleosis 

Anorexia was a common symptom, its degree 
and duration depending largely on the severity 
of other symptoms accompanying the illness 

A presenting symptom of stiff or sore neck 
was usually referable to the swollen cervical 
lymph nodes The onset of the lymphadenopathy 
was usually found m this area and, for some 
unknown reason, often on the left side 

The symptoms of ordinary infections of the 
upper respiratoiy tract, with nasal congestion, 
fever and chills, were conspicuous However, 
true chills occurred infrequently, and when they 
did occur they were accompanied by high tem- 
peratures Generalized aches and pains such ab 
one would associate with “grip” were often pres- 
ent Pam on moving the eyeballs was mentioned 
by several in describing their initial symptoms 
Cough, a mild presenting symptom, was noticed 
subjectively by 11 patients Sweating and dizzi- 
ness were seen only occasionally 

In table 2 are listed all the presenting symp- 
toms as a single complaint and also combined 
with two or more symptoms It will be noted 
that a great number of patients had more 
than one symptom but also that a considerable 
number complained of only one symptom at the 
time of admission, soie throat being the most 
frequent 

physical signs 

Inflammation of the TJuoat — Sore throat is 
the outstanding subjective symptom of infectious 
mononucleosis It was the initial symptom of 96, or 
about 50 per cent, of the patients m this series, 
many of whom complained of a soie or “dry” 
throat for days or even weeks preceding the 
appearance of other symptoms One hundred 

6 Davidsohn, I Infectious Mononucleosis, Am J 
Dis Child 49 1222 (May) 1935 
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and sixty-one, or 82 per cent, complain of a 
sore throat at some time during the course of 
the illness 

The objective observations concerning the 
throat were extremely varied In 31 patients, 
the throat was normal in appearance throughout 
the course of the illness, in 56, it was mildly 
injected In 66 the throat was moderately red 
for several days, and in 43 it showed either pro- 
nounced follicular tonsillitis or an ulcerative 
pharyngitis with sloughing of tissue When the 
throat was found to be noticeably injected, it 
usually remained sore for a week or ten days 
and was the most annoying symptom, as even 
the swallowing of water caused pain and dis- 
comfort 

Smears from the ulcerated lesions revealed 
a mixture of streptococci, fusiform bacilli and 
spirochetes 


m all cases of Vincent’s angina to be sure that 
blood smears and heterophile tests are made to 
assure an accurate diagnosis 

Feve7 — Fever was present m all except 22, or 
11 per cent, of the patients in this senes The 
elevation of the temperature and its duration 
were variable The highest fever encountered 
was 105 F (in 1 patient only and continuing 
at that level for three days) and the longest 
duration of fever was thirty-two days (in just 
2 patients) Seventy-seven, or 39 per cent, of 
the patients had an elevated temperature for less 
than five days Thirty-eight patients (19 per 
cent) had fever from ten to fifteen days, and 27 
(13*per cent) had fever of more than fifteen 
days’ duration 

The fever is of the spiking nature and has no 
definite course In some cases the high point 
of the fever was in the morning, in others, at 


Table 2 — Presenting Symptoms of Patients with Infectious Mononucleosis 
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Vtneent’s Angina — ^Tender, bleeding gums, 
often spongy and swollen and sometimes ulcer- 
ated, appeared in 13 patients in this series In 
all except 2 of these, this condition was accom- 
panied by a sore throat, usually complicated by 
ulceration of the tonsillar pillars or the pharyn- 
geal wall The involvement of the gums fre- 
quently preceded the inflammation of the throat 
and in some cases was more severe This often 
led to a diagnosis of Vincent’s angina early in 
the disease, which was later corrected by the 
heterophile test and blood smear From this 
experience, I feel that many patients who dis- 
play nothing more than bleeding or tender gums, 
which may be either swollen or spongy or both, 
may well have infectious mononucleosis Since 
this condition may closely simulate a purely local 
infection or others of a more serious nature, 
such as pharyngeal diphtheria, it would be wise 


noon, and in still others it was in the late after- 
noon or evening In a number of cases tbe‘ 
temperature would return to normal for a period 
of twenty-four hours and then would again 
become elevated for four or five days The 
amount of fever and its duration did not seem , 
necessarily related to either the sore throat or 
the blood count In many cases in which the 
sore throat was a minor complaint, the tempera- 
ture was quite high and remained elevated for 
many days There was no direct relationship 
between the amount of fever and the lymphaden- 
opathy or between the fever and splenomegaly 
Several instances were noted in which by the 
time the lymph nodes became enlarged, the spleen 
palpable and the blood smear diagnostic the i 
temperature had abated and the patient was 
feeling much better In some of the cases in 
which a diagnosis of neurosis was made during 
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the early part of the disease because of continued 
fatigue and a noncontnbutory physical examina- 
tion, including a normal temperature, a slight 
fever may have been present at some time during 
the twenty-four hours These men, because of 
normal results of physical examination and ab- 
sence of fever at the time they reported to the 
clinic, were not hospitalized and were forced to 
carry on their usual routine It is little wonder 
that they continued to return to the clinic u^ith the 
complaint of extreme fatigue and exhaustion 
Lymphadenopathy — ^The common conception 
in the past that enlargement of lymph nodes 
always accompanies infectious mononucleosis did 
not prove true in this series Thirty-two, or 
17 per cent, of the patients had no enlargement 
of peripheral nodes at any time during the course 
of the illness, although the clinical course, the 
hemogram and the heterophile examination led to 
a diagnosis of* infectious mononucleosis Tidy 
and Daniel ^ stated that infectious mononucleosis 
with no glandular enlargement is rare and sug- 
gested that the patients having no such enlarge- 
ment must have enlarged mesenteric or medias- 
tinal glands This, of course, cannot be proved 
or disproved in a study of this type 
The striking feature of the lymphadenopathy 
in this series is that m the great majority of cases 
It did not appear early in the'disease Definitely 
enlarged superficial lymph nodes were noted m 
only 19 patients at the time they appeared with 
their original complaints Many of the femain- 
ing patients acquired enlarged superficial lymph 
nodes m several days or a week after the onset 
of illness, but a moderate number had no lymph- 
adenopathy until the other symptoms had abated 
and they were well on their way to recovery 
In several cases no glandular enlargement was 
noted until two or three weeks after the onset 
Landes ® reported the case of a seriously ill young 
man who, despite a positive heterophile feaction 
and a careful daily examination, did not have 
enlarged nodes until twelve days after he entered 
the hospital, which was twenty-two days after 
the onset of the symptoms 

Generalized glandular enlargement was noted 
m only IQ cases 

It is difficult to state the exact size of the 
lymph nodes in this illness Nodes which I 
considered slightly palpable, might be described 
as being of the size of a small pea, for glands 

7 Tidy, H L , and Daniel, E C Glandular Fever 
and Infectious Mononucleosis, with an Account of an 
Epidemic, Lancet 2 9, 1923 

8 Landes, R , Reich, J P , and Perlow, Cen- 
tral Nervous System Alamfestations of Infections Mono- 
nucleosis Report of a Case, TAMA 116.2482 
(May 31) 1941 
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which I considered moderately palpable, a large 
pea would be descriptive, and glands which were 
found to be easily palpable were about the size 
of a hazelnut In no instance were the glands 
found to be extremely large and matted together 
I suggest that if such a condition occurs, a diag- 
nosis other than infectious mononucleosis be 
considered 

Enlargement of the cervical lymph nodes was 
the most common chain involvement and was 
present m 149 patients In 82 of this number 
they were mildly enlarged, m 57, moderately 
enlarged, and in 10, easily palpable 

Srxty ■patieTAs iound tc. Viuvc 
ment of the axillary nodes , m 45 of these they 
were mildly enlarged , in 14, moderately enlarged, 
and m 1, easily palpable 

Enlargement of the occipital nodes was noted 
in only 5 patients 

It IS to be observed that m this entire series 
of 196 patients there was never lymphadenopathy 
in any other region when cervical nodes were 
not palpable 

It should be borne m mind that one must 
differentiate enlargement of the cervical lymph 
nodes from enlargement of the cervical salivary 
glands One of the frequent errors made m 
diagnosis is the not too careful consideration 
of this point Students have frequently been 
sent to the infirmary with a tentative diagnosis 
of infectious mononucleosis, when closer exami- 
nation revealed that they were actually suffering 
from mumps Moreover, in all schools and col- 
leges, one frequently encounters epidemics of 
German measles It is my opinion that in the 
great majority of instances German measles is 
accompanied with the greatest enlargement of 
the lymph nodes of the occipital and postauricular 
chains, while in infectious mononucleosis, en- 
largement of the occipital and postauricular 
lymph nodes occurs only after one can easily 
palpate larger anterior cervical or inguinal nodes 

The lymphadenopathy is usually transient and 
in the majority of cases has completely abated 
within two or three weeks In some cases, 
however, the lymph nodes may remain slightly 
enlarged for a period of a month or two., but in 
no case was any notable lymphadenopathy en- 
countered after two months 

Splenomegaly — ^The spleen was palpable in 91 
patients Although this is less than half of the 
number of patients observed, it makes one realize 
that the palpabihty depends largely on the exam- 
iner , and when one discusses whether or not the 
spleen is palpable it should be remembered that 
the differences of opinion of the examiners must 
be considered ^ Most of the patients in this 
study were examined by the same physicians. 
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and an effoit was made to feel the spleen daily 
during the time that the patient was confined to 
the infirmary and as many patients as possible 
were seen at regular intervals after they were 
discharged 

Of the 91 patients with a palpable spleen, 67 
had spleens which were baiely felt and 15 had 
spleens which were easily palpable , in 9 instances 
the spleen was enlarged about 2 fingerbreadths 
below the left costal margin In several cases 
the spleen was definitely tender, but for the most 
part no pain was evidenced on palpation 

In general, the recession of the size of the 
spleen followed the diminution m the size of the 
lympTi nodes, but in some instances the spleen 
was still palpable as late as a year after the 
acute infection had subsided 

There was no patient m this series in whom 
splenomegaly was present without lymphad- 
enopathy 

Jaundice — Jaundice, although not a frequent 
complication of infectious mononucleosis, oc- 
curred m 10 of the patients in this senes It 
was noted that in most cases the jaundice did 
not occur for five or six days after the onset 
of the illness and in some instances was as late 
as ten days to two weeks in becoming evident 

The jaundice was definite in character, with 
icterus of the skin, scleias and mucous mem- 
branes The urine was dark and gave a posi- 
tive reaction for bile For the majority of pa- 
tients in whom jaundice was present, a diag- 
nosis of infectious mononucleosis had already 
been made, and m some instances the acute 
febrile reaction of the disease had passed 

I have no idea what the mechanism is that 
produces the complication of jaundice with in- 
fectious mononucleosis I do not feel that it is 
due to obstruction of the common bile duct by 
glandular enlargement, as theie was never any 
change m the color of the stools or any itching 
of the skin The usual duration of jaundice as 
a complication was not more than two weeks, 
and It was not in any way related to the height 
or duration of the fever, to the lymphadenopathy 
or to the splenomegaly On examination of these 
patients the liver was not enlarged or tender 
The majority of the students who had jaundice 
experienced anoiexia, nausea and vomiting which 
lasted for a day or two 

Iiv compar-mg tVie jaundice which compheates 
infectious mononucleosis with catarrhal jaundice, 

I was unable to note any difference in the symp- 
toms, physical signs or clinical course 

N eurologic S^giis — Although neurologic mani- 
festations have been desenbed as a complication 
of infectious mononucleosis by Epstein and 


Dameshek,'’ Johansen^® and Landes and asso- 
ciates,® no objective signs of this type were 
evident in any patient in this senes Headache, 
howevei, was a common symptom In some 
instances it was of such severity and duration 
that had not a definite diagnosis of infectious 
mononucleosis been established a lumbar punc- 
ture undoubtedly would have been done in order 
to rule out involvement of the cential nervous 
system by some other process 

Rash — Rash occurred m only 10 patients 
This is in rather sharp contrast to its occurrence 
in a series of 91 cases reported by Templeton 
and Sutherland in which rash appeared in 
18 5 per cent of the cases Since a rash may 
occur from many different causes, it is unwise 
to blame a disease for the appearance of a rash 
which IS simultaneous Many persons manifest 
a rash as a result of any of a numbei of drugs 
ingested during an illness Likewise, some per- 
sons exhibit a transient rash which is caused 
by fever alone 

In my experience the making of a differential 
diagnosis in the early stages between infectious 
mononucleosis and German measles is difficult 
If rash is piesent and if there is enlargement 
of lymph nodes, especially of the posterior cervi- 
cal nodes, which often occurs in persons suffer- 
ing from German measles, the two illnesses may 
easily be confused Even when laboratory 
studies are made it is often impossible to be 
certain, since the hematologic changes may not 
become evident for several days German 
measles, like infectious mononucleosis, is com- 
mon among persons of college age, and many 
students in this senes who were given an initial 
diagnosis of German measles were later found 
to have infectious mononucleosis 

The rash which appeared in the 10 subjects 
in this study closely resembled that of mild 
German measles, was morbilliform and transient 
and did not last over forty-eight hours 

Although I feel that it is wise to keep the rash , 
in mind in connection with infectious mono- 
nucleosis, I do not feel that it is characteristic 
enough in itself to be relied on as a diagnostic 
featui e 

BLOOD 

The diagnosis of infectious mononucleosis can- 
not be made unless either the heterophile reac- 

9 Epstein, S H, and Dameshek, W Involvement 
of the Central Nervous System in a Case of Glandular 
Fever, New England J Med 205 1238, 1931 

10 Johansen, A H Serous Meningitis and Infec- 
tious Mononucleosis, Acta med Scandinav 76 269, 1931 

11 Templeton, H F, and Sutherland, R T The 
Exanthem of Acute Mononucleosis, JAMA H3 
1215 (Sept 23) 1939 
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tion IS positive in high dilution of the blood 
smear is typical 

In this senes, the diagnosis was not made 
without what I consider a typical blood smear 
for this disease, which means that the percentage 
of neutrophilic cells was below 40 and in the 
smear there were a large number of so-called 
atypical lymphocytes The atypical lymphocyte, 
as It appeared in these smears, was a large mono- 
nuclear cell with a pale-staining, rather fragile- 
looking cytoplasm that curled over on itself and 
had a large nucleus It is believed by most 
observers that this cell is a lymphocyte Dame- 
shek remarked that in a smear of a patient 
with infectious mononucleosis the size and ap- 
pearance of a lymphocyte is variable 


In my expeiience the appeal ance of the smear 
has been easy to differentiate from that of an 
acute or chionic leukemia The normal platelet 
count, the normal appeal ance of the red cells, 
the total absence oi only occasional appearance 
of a cell that may be mistaken for a blast and 
the appearance of large numbers of atypical 
lymphocytes, togethei with a noimal red cell 
count and normal hemoglobin content, make the 
diagnosis of infectious mononucleosis evident 
In 83, or 42 per cent, of the patients in this 
senes, the initial white blood cell count was 
elevated above 10,000, and in 33, or 17 per cent, of 
these it was above 15,000 It is evident from these 
figures that the leukocyte count m itself is of 
little assistance in making an accurate diagnosis 



Blood counts of all patients with infectious mononucleosis admitted to Stillman Infirmar^^ during the period 
1935 to 1943 


If one observes the development of changes 
in the blood picture, it will be noted that early 
m the disease there is no reduction in the poly- 
morphonuclear cell count and the so-called 
atypical lymphocyte appears Theie may be few 
of these in the beginning, but they gradually 
become moie numerous and at the same time 
the number of polymorphonuclear cells decreases 
The reduction m polymorphonuclears may be 
alaiming In 1 of the patients in this study 
they made up only 3 per cent of the total number 
of white blood cells In several cases the count 
was below 10 per cent, and a drop to 20 per 
cent was not at all unusual 

12 Dameshek, W Hematolog^r^ New England T 
Med 224 729, 194] 


For the most part, the initial white cell count 
is normal or only slightly elevated In a fair 
percentage of cases it may never exceed a total 
of 10,000 In some instances, however, it may 
rise far above this figure, as shown by 1 of 
these patients with a count of 31,000 Counts 
above 25,000 were obtained m 7 instances There 
does not seem to be any direct relationship 
between the total leukocyte count and the reduc- 
tion of polymorphonuclear cells In general, 
however, it was noted that some of the patients 
with higher counts had a low percentage of poly- 
morphonucleai s m the smear Bernstein,^ in 
reviewing the literature, reported 10 cases with 

13 Since this study was completed, I have observed 
a patient with infectious mononucleosis with a white 
blood cell count of 41,000 
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counts over 40,000, these occurring m children 
under 10 years of age 

If one observes the chart of all the blood counts 
taken in this series, it will be noted that on an 
average the leukocyte count is highest from the 
fifth to the twentieth day of the illness and that 
the reduction in the percentage of the polymor- 
phonuclear cells also occurs during this period 
The chart also shows that the abnormality in 
the total leukocyte count and the reduction of the 
polymorphonuclear cells are of short duration 
and return in most cases to a comparatively 
normal figure within two weeks This con- 
tinues gradually, so that within a period of two 
months the counts are back to normal Occa- 
sionally one finds that after two months some of 
the atypical lymphocytes are still present m the 
smear, but the percentage of these is so small 
that it would be dangerous to make a diagnosis 
of infectious mononucleosis on the appearance of 
these cells alone 

Although the chart represents an average of 
all the blood counts taken, several of the students 
were ill for as long as fourteen days before a 
definite diagnosis of infectious mononucleosis 
was made on the basis of the blood smear In 
most cases blood smears were repeated daily, 
as one of the eccentricities of this disease is that 
the smear is not suggestive early in the illness 
and if subsequent blood smears are not made 
the diagnosis may be overlooked In a large 
percentage of the cases the blood smears were 
not typical for many days after the onset of the 
illness, and when they did become diagnostic 
the acute febrile reaction was over and the pa- 
tients were recovering This has been the ex- 
perience of others In 122 cases the original 
blood smear was suggestive or typical enough 
of the disease to make an immediate, accurate 
diagnosis, but it must be remembered that a 
large number of these students did not report 
to the infirmary for many days after the onset 
of symptoms 

A few of the patients, especially those who 
were discharged from bed before complete re- 
covery and whose symptoms continued for some 
weeks so that they were forced to return to 
the infirmary, were found to have a blood smear 
still characteristic of infectious mononucleosis 
In 1 of these instance the polymorphonuclear 
count was reduced to a lower level than it had 
been at the time of the patient’s original admis- 
sion 

Biopsy of a cervical lymph node was per- 
formed in only 1 case This was done, how- 
ever, not because the diagnosis of infectious 

14 McKinlay, C A Infectious Mononucleosis, J 
A M A 105 761 (Sept 7) 1935 


mononucleosis was in question but because clin- 
ical evidence showed that a tuberculous lymph- 
adenitis might be complicating the illness 
Sternal puncture was never performed as a 
diagnostic procedure 

HETEROPHILE TEST 

Paul and Bunnell in 1932 made what is 
considered the greatest contribution toward 
making an accurate diagnosis of infectious mono- 
nucleosis Called the heterophile test, it consists 
of agglutinations of sheep cells with the serum 
of patients with the disease At that time they 
demonstrated high agglutinations of sheep cells 
with the serums of such patients and reported 
4 cases In 1 the patient’s serum agglutinated 
sheep cells at the high dilution of 1 1,024, in 
another, on the thirteenth day of the illness, 
agglutinins were present in a dilution of 1 128, 
and in another at the height of the illness agglu- 
tinins were present at 1 152 , in the fourth case, 
tests during early convalescence showed agglu- 
tinins in dilutions as high as 1 256 Among 
many cases of various pathologic conditions 
studied by Paul and Bunnell at that time, a 
titer of above 1 32 was not observed except in 
the serums of persons with serum disease and 
with infectious mononucleosis 

In 1929 Davidsohn discovered that the 
serums of 4 2 per cent of normal persons 
agglutinated sheep cells in a dilution of 1 4 
while those of 95 8 per cent produced no agglu- 
tination in any dilution He also found evidence 
to show that patients who had recently been 
suffering from serum sicloiess showed an agglu- 
tination of 1 32 or higher 

Heterophile tests were done on 143 patients, 
or 73 per cent, in this series Of these, the 
agglutination of sheep cells occurred in a dilu- 
tion of 1 64 or higher in 118 cases, and the 
serums did not agglutinate the cells in this 
dilution in 25 These 25 serums might have 
shown agglutination if enough tests had been 
done In my experience, it was a common occur- 
rence that a heterophile test made early during 
the infection might not show agglutination in 
a high titer while the serum from the same 
patient taken several days or a week latei would 
show the presence of agglutinins in a dilution 
of 1 64 or higher 

With this experience, it is extremely difficult 
to evaluate properly the percentage of persons 
who are undoubtedly suffering from infectious 

15 Paul, J R , and Bunnell, W W The Presence 
of Heterophile Antibodies in Infectious Mononucleosis. 
Am J M Sc 183 90, 1932 

16 Davidsohn, I Further Studies on Heterophihc 
Antibodies in Serum Sickness T Immunol 18 31 1930 
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mononucleosis but who never have a positive 
heterophile reaction during the course of their 
illness I feel, however, that such cases do 
occur 

In my opinion the 25 patients in this senes 
who had a negative reaction had classic clinical 
infectious mononucleosis, as manifested by the 
symptoms, physical signs and typical blood 
smears For none of them was the polymorpho- 
nuclear count higher than 40 per cent For 
several the polymorphonuclear cells made up less 
than 15 per cent of the total count, with the great- 
est percentage being between 20 and 35 More- 
over, the smears showed a high percentage of 
atypical lymphocytes 

Because of some technical reason the hetero- 
phile test was not done on 53 persons m this 
group, but caution was used to determine accu- 
rately the diagnosis of infectious mononucleosis 
In this group the symptoms, physical signs and 
blood smears were as typical of the disease as 
were those of patients who had a positive hetero- 
phile reaction As a matter of fact, the average 
of polymorphonuclear cells was lower m this 
group than in those that had a positive hetero- 
phile reaction The reason for this is that 
patients who did not have a significantly lowered 
polymorphonuclear count were excluded Had 
a heterophile test been done, the results would 
undoubtedly have been positive in a high per- 
centage of cases 

Although an attempt was made to peiform 
follow-up heterophile tests in this study, it was 
not feasible However, in the few that were 
done, it was found that the results were negative 
within three months after the patient’s discharge 
from the infirmary 

COMPLICATIONS 

One IS impressed when reading the literature 
by the frequent mention of complications with 
infectious mononucleosis It is my feeling, how- 
ever, that this disease is attended with the risk 
of no more complications than an ordinary 
infection of the respiratory tract and any com- 
plication is usually that of a concomitant infec- 
tion or the exacerbation of an old process No 
complication was noted in any patient in this 
series that could be diiectly attributed to infec- 
tious mononucleosis as the etiologic agent 

In 1 instance a patient acquired the syndrome 
of nephrosis, with large amounts of albumin in 
the urine, a drop in the total protein content 
and reversal of the albumin-globulin ratio in the 
blood He also accumulated large amounts of 
edema fluid, including ascites However, this 
patient had had the same syndrome two years 
before after what appeared to be an ordinary 


infection of the upper respiratory tract After 
several weeks of rest in bed a spontaneous 
diuresis occurred, the edema fluid disappeared, 
the albuminuria cleared and the blood chemistry 
reverted to normal This man is now well, with 
all laboratory findings normal 

Although a small amount of albumin was 
noted in the urine of several patients at the 
height of the febrile illness, this cleared quickly, 
and in no instance was the urine pathologic or 
even suggestive of an acute nephritic process 

Another patient who previously had bouts of 
severe diarrhea, with a positive test for occult 
blood in the stool, had an exacerbation of this 
process during an acute phase of infectious 
mononucleosis Although the symptoms and the 
appearance of the rectal and sigmoid mucous 
membrane suggested early ulcerative colitis, these 
symptoms also cleared within a short time, only 
to recur some time later without any definite 
discoverable reason I do not feel that the infec- 
tious mononucleosis was more responsible than 
any acute infection would be in the exacerba- 
tion of the intestinal symptoms, moreover, it 
IS my feeling that nervous tension and fatigue 
were largely responsible Two years later this 
patient still has paroxysmal bouts of diarrhea, 
but as far as I know the typical syndrome of 
ulcerative colitis has never developed 

In 1 case an acute otitis media developed 
about twenty days after the onset of symptoms 
and five days after the patient’s admission to 
the infirmary The abscess was incised, and 
streptococci were cultured from the secretion 
The patient continued to have infection m the 
mastoid cells, and twelve days after the abscess 
was incised mastoidectomy was performed This 
is the only instance m this series in which a bac- 
terial infection of an ear occurred which required 
paracentesis and later mastoidectomy It seems 
unlikely that one would attribute infectious 
mononucleosis as the direct cause of this com- 
plication 

Although nausea and vomiting were present 
in some of these patients, especially those who 
later acquired jaundice, it was not a prominent 
symptom 

Abdominal pain occurred but rarely and, with 
1 exception, caused no concern as to whether an 
acute condition requiring surgical intervention 
was present The exception was a student who 
twelve days after the onset of his illness and 
while on the way to recovery showed typical signs 
and symptoms of acute appendicitis Appen- 
dectomy was performed, and an acutely inflamed 
appendix was removed This was more likely 
a coincidental occurrence than cause and effect 
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I do not feel that cardiac changes observed 
in patients with infectious mononucleosis can 
be attributed to this illness Certainly a systolic 
murmui is not always indicative of pathologic 
conditions in the heart It seems reasonable 
to assume that a systolic murmur may be a 
coincidental finding, and, moreover, it is com- 
mon knowledge that although no murmur is 
present when the heart rate is slow a definite 
systolic murmur may appear when it becomes 
rapid It makes no difiference whether the ele- 
vation of the heart rate is due to fever or to 
exercise Bradshaw reported a case of mitral 
stenosis following infectious mononucleosis 
However, none of the patients m my group 
displayed any cardiac abnormality 

Gooding reported 1 case of death of a pa- 
tient with infectious mononucleosis as a result 
of bronchial pneumonia, and Du Bois called 
attention to empyema as a complication How- 
ever, although a few of the subjects had severe 
cough as a predominating symptom, there was 
no instance of definite pneumonia 

HOSPITALIZATION 

It must be remembered that the recorded 
days of hospitalization do not necessarily signify 
the duration of this illness Many of these busy 
— or careless — students did not report for medi- 
cal care for several days or even weeks following 
the onset of symptoms and reported only when 
their illness had reached a stage where they w^ere 
unable to continue their normal activities Even 
so, because of the large group m this series, it 
is possible to report a great diversit}’^ in the length 
of the hospital stay of these patients, owing of 
course to the extreme variability in the symp- 
toms and clinical manifestations of the illness 
Twenty-nine, or 15 per cent, of this group were 
hospitalized for less than five days The greatest 
number, 88, or 45 per cent, were in the hospital 
for between six and ten days Forty-two, or 
21 per cent, were confined for a period of from 
ten to fifteen days, 23, or 11 per cent, from 
fifteen to twenty days, and 12, or 6 per cent, from 
twenty to twenty-five days Two patients were 
obliged to remain for thirty-one days 

Discharge from the infirmary did not always 
indicate that the patients were ready for full 

17 Contratto, A W Significance of Systolic Car- 
diac Murmurs in College Students, New England J 
Med 228 499, 1943 

18 Bradshaw, R W Mitral Stenosis Following 
Infectious Mononucleosis, Ohio State M J 27 717, 
1931 

19 Gooding, S E F On Glandular Fever or 
Infectious Mononucleosis, Practitioner 127 468, 1931 

20 Du Bois, A H Pathogenesis of Monocytic An- 
gina, Acta med Scandinav 73 237, 1930 


activity Many complained of extreme fatigue 
and easy exhaustion for several weeks after their 
discharge, and some were required to have a 
period of convalescence at home 

RECURRENCES AND RELAPSES 

In any illness it is most difficult to separate a 
recurrence from a relapse or from a continua- 
tion of the same condition However, in dealing 
with a disease as benign for the most part as 
infectious mononucleosis, there were many in- 
stances of a discharged patient’s returning with 
symptoms of the same illness Since the patients 
were students, the necessity for taking current 
examinations, intervening vacations and many 
other personal reasons were excuses for an early 
discharge, against advice 

In my experience, although a patient has a 
significant increase in the total white blood cell 
count wnth a definitely lowered polymorpho- 
nuclear count he may feel well and be eager 
to return to his normal activities Should he 
be allowed to do so, it is more than possible 
that he would become fatigued, with a return 
of subjective symptoms and fever If such is 
the case, it must be considered that this is a 
continuation of the illness, not a recurrence or 
a relapse There was no instance m this series 
of a continuation, recurrence or relapse when I 
was absolutely certain that the patient had fully 
recovered as manifested subjectively and objec- 
tive!)', with at least the beginning of a return 
to normal of the white blood cell count and the 
smear On the other hand, patients who were 
discharged when it was felt that more rest in 
bed was needed and the hemogram was still 
abnormal returned m a few days, or even weeks, 
showing again the typical syndrome of infectious 
mononucleosis There were 8 such instances in 
this series Four persons were readmitted to the 
infirmary within a period of three weeks after 
discharge , 2 were readmitted after a period of 
five weeks , 1 was readmitted after two months, 
and another, three months after the infection 
In all of these instances the patients stated 
that at no time since the original discharge from 
the infirmary had they felt completely well and 
during the entire interval had had a continua- 
tion to some degree of the symptoms for which 
they were originally confined 

THERAPY 

There is no specific therapy for infectious 
mononucleosis Many of the more severe mani- 
festations of the illness could be avoided if the 
patient were put to bed at once, and from experi- 
ence it IS my opinion that, although the symptoms 
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may be mild, rest m bed and the usual sympto- 
matic treatment are the wise approach 

In cases of severe headache or extreme dis- 
comfort of the throat, codeine in doses of Yz or 
1 gram (0 03 or 0 06 Gm ) by mouth every 
four hours was needed Irrigations with saline 
solution were administered for sore throat For 
ulcerations of the throat or Vincent’s angina 
hydrogen peroxide diluted 1 to 3 was found 
helpful if used as a wash every two hours 
Although neoarsphenamine has been used in 
therapy for this illness by oial application and 
intravenously, I do not believe it is necessary 
or helpful Likewise, m the few cases m this 
series m which sulfadiazine was administered, 
no benefit was noted Nicotinamide seemed to 
relieve some patients who had severe Vincent’s 
angina Excess salt was given to patients who 
had profuse sweating In peisons m whom 
jaundice occurred accompanied by nausea and 
vomiting it was necessary to replenish body 
fluid, salt and dextrose by intravenous injection 
Also, m some instances m which the condition 
of the patient’s throat was such that swallowing 
was painful, intravenous injections of dextrose 
and isotonic solution of sodium chloride were 
used with great benefit 

It is desirable to emphasize the convalescent 
period to patients discharged from a hospital 
after this illness The simple therapy of enough 
rest, sleep, proper diet and fresh air will cer- 


tainly hasten the return to normal from a disease 
in which extended fatigue is the most insidious 
effect This is especially true of young people, 
who have the greatest affinity for infectious 
mononucleosis, since they are at the present time 
leading particularly strenuous lives 

CONCLUSIONS 

Infectious mononucleosis is a benign illness 
The complications encountered m this series 
were varied, but they are believed not to be 
directly referable to the disease 

Infectious mononucleosis may be accompanied 
notably by lymphadenopathy, splenomegaly, 
jaundice, Vincent’s angina, ulcerations of the 
throat, fever, a conspicuous change in the blood 
picture and a number of complaints identical 
with those common to an ordinary infection of 
the upper respiratory tract 

Accurate diagnosis is difficult because of the 
variability of the symptoms and clinical mani- 
festations The problem and major difficulty 
m this disease is the making of a diffeiential 
diagnosis, which can easily be accomplished by 
the heterophile test, blood count and smear I 
have pointed out the importance of making not 
only more than one but frequent tests and smears 
during the course of the illness, since a peculiarity 
of infectious mononucleosis is that there is more 
often than not a delay of days or even weeks 
before the hematologic changes are conclusive 
enough to permit an accurate diagnosis 
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Spontaneous pneumothorax is a potentially 
fatal complication of bronchial asthma, the diag- 
nosis of which may not be obvious In a recent 
review of the world literature on this subject 
Maccone ^ collected 27 cases Piaggio Blanco 
and Garcia Capurro ^ suggested that the ease 
with which this condition may be missed ac- 
counts for its apparent rarity Although most 
authors have failed to mention bronchial asthma 
as a precursor of spontaneous pneumothorax 
the casual manner in which others ® have men- 
tioned it does not indicate extreme rarity Ques- 
tioning of physicians has revealed several who 
have observed one or more unreported cases 

Spontaneous pneumothorax occurs as a com- 
plication of bronchial asthma chiefly m young 
persons, of both sexes The average age of the 
patients whose cases were collected by Castex 
and Mazzei^ was 32 years, and they did not 
include the children of 1 and 2 ° and 4 ° years 
of age whose cases were reported elsewhere 
The oldest reported patient was 59 years of age ’ 
The mode of onset is as variable as that of spon- 
taneous pneumothorax occurring in otherwise 

* Formerly intern, First Medical Division, Bellevue 
Hospital, New York, I Ogden Woodruff, M D , Director 

1 Maccone, V II pneumotorace spontaneo nell’asma, 
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Neumotorax espontaneo y enfisema subcutaneo y del 
cuello en el curso del asma. Arch urug de med , cir y 
especialid 16 367 (April) 1940 
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by M Fishbein, New York, National Medical Book 
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Asthma, in Nelson’s Loose Leaf Medicine, New York, 
Thos Nelson & Sons, 1937, vol 3, p 457 (c) Hamman, 
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normal persons ® Bottero ° suggested that the 
symptoms may depend on the rapidity of the 
development of the pneumothorax Dyspnea is 
usually present and definitely subjectively dif- 
ferent from that ordinarily accompanying asth- 
matic attacks Pam is an almost constant fea- 
ture, but it may be absent, particularly in cases 
of recurrent pneumothorax It is usually pleural 
and may radiate to the flank , a sense of constric- 
tion in the chest is frequently noted Casiello 
reported a case m which the clinical picture sug- 
gested a coronary occlusion Though there may 
be no symptoms to suggest tbe development of 
a pneumothorax during an asthmatic attack,^^ 
the time of onset of the pneumothorax can 
usually be established by the onset of pain or 
of a changing type of dyspnea Left-sided 
pneumothorax is slightly more common than 
right The condition often recurs on the same 
or on the opposite side Four cases of bilateral 

8 Leggett, E A , Myers, J A , and Levine, I 
Spontaneous Pneumothorax , Report of Thirty-One 
Cases, Am Rev Tuberc 29 348 (March) 1934 

9 Bottero, A II pneumotorace spontaneo negli 
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asma. Arch argent de enferm d ap respir y tuberc 
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involvement have been reported In 4 cases 
bronchial asthma was complicated not only by 
pneumothorax but by subcutaneous emphysema 

In many cases the physical signs are those 
that might be expected However, Elliott 
asserted that there were no signs suggesting a 
pneumothorax m his patient, and McGuire^® 
reported that the physical signs of a pneumo- 
thorax appeared only after some weeks Cya- 
nosis IS usually present, and orthopnea is not 
uncommon Patients are afebrile except with 
an associated bronchopneumonia or pleural ef- 
fusion, both of which complications have been 
reported only once Small amounts of non- 
fibrmous pleural fluid are often noted ^ There 
IS no consistent abnormality of the pulse, respira- 
tion or blood pressure 

Seven deaths from spontaneous pneumothorax 
complicating bronchial asthma have been re- 
ported However, the condition is usually 
benign, the lung reexpanding without aspiration 
of pleural air within a few weeks One pneumo- 
thorax persisted for thirty years 

The role of pulmonary and interstitial emphy- 
sema m this type of pneumothorax will be con- 
sidered later m the paper No association with 
pulmonary tuberculosis has been noted Chronic 
sinusitis and bronchitis do not appear to be pre- 
disposing factors In all adults with the condi- 
tion the asthma had been present for several 
years 

The blood count and the urine are normal 
and serologic tests for syphilis give negative 

14 Faulkner and Wagner ^ Emerson and Beeler 
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16 McGuire, H H A Case of Pneumothorax 
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de duracion Recuperacion de las funciones respiratorias 
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results, though leukocytosis may occur with the 
complications noted that cause fever 

Roentgenograms may fail to reveal the pneumo- 
thorax - No roentgenographic evidence of me- 
diastinal emphysema was noted in the previously 
reported cases 

REPORT OF CASES 

Case 1 — A 39 year old Spanish American man was 
admitted to the first medical division of Bellevue Hos- 
pital on April 7, 1939, with a chief complaint of 
increasing dyspnea during an asthmatic attack 

Past History — He had had asthma for nine years, 
chiefly in the spring and summer, and had attended two 
allergy clinics in New York He had had many cuta- 
neous tests, the results of which were apparently incon- 
clusive Emotional upsets, strong odors and infections 
of the respiratory tract were named as factors in bring- 
ing on asthmatic attacks There was no history sug- 
gesting chronic sinusitis or pulmonary disease, and the 
system review revealed no other significant past history 

Family History — There was no history of allergy or 
of any thoracic catastrophe suggesting a pneumothorax 

Present Illness — Two weeks prior to the patient’s 
admission an asthmatic attack developed following an in- 
fection of the upper respiratory tract The asthma per- 
sisted throughout this period, and he obtained only 
transient relief from frequent subcutaneous injections 
of epinephrine He had a steady severe cough Twelve 
hours before admission there was a sudden onset of 
dyspnea of a type that was definitely different from 
that accompanying asthmatic attacks He experienced 
no pain but came to the hospital when breathing seemed 
almost impossible 

Physical Examination — The temperature was 100 F , 
the pulse rate 100, the respiratory rate 30 and the blood 
pressure 120 systolic and 75 diastolic The patient was 
a thin man who continued to be dyspneic, cyanotic and 
orthopneic after nasal administration of oxygen 
There was no evidence of infection of the nasopharynx 
or nasal sinuses The trachea was m the midline, and 
there was no subcutaneous emphysema The initial ex- 
amination of the chest revealed only typical signs of 
bronchial asthma No difference between the right and 
the left side of the chest was noted Seven hours later 
the sibilant expiratory breath sounds had abated, and the 
breath sounds were greatly diminished on the right side 
The entire chest was hyperresonant, but particularly so 
on the right side There were a positive coin sound 
and lag on the right When the patient breathed deeply, 
many sibilant expiratory rales were heard over both 
sides of the chest, and there was only slight diminution 
of the intensity of the breath sounds on the right side 

Laboratory Studies — The urine gave a 2 plus reaction 
for albumin but otherwise was normal The hemoglobin 
content of the blood was 16 Gm per hundred cubic centi- 
meters The red cell count was 5,200,000 and the white 
cell count 12,400, with polymorphonuclear leukocytes 62 
per cent, lymphocytes 30 per cent, monocytes 4 per cent 
and eosinophils 4 per cent The Wassermann reaction 
of the blood was negative 

Roentgen Examination — Fluoroscopy several hours 
after the patient’s admission to the hospital revealed 
an almost complete collapse of the right lung without 
marked mediastinal shift Roentgenograms taken two 
weeks later (after aspiration of air) showed a pneumo- 
thorax on the right side, with a 60 per cent collapse 
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of the lung, irregular adhesions at the base and a small 
amount of fluid m the costophrenic sinus 

Clinical Course — The patient was treated with sub- 
cutaneous injections of epinephrine hydrochloride and 
nasal inhalations of oxygen Several hours after he 
entered the hospital the pneumothorax became evident 
on physical examination Twenty-four hours after his 
admission nonpleuntic costovertebral pain on the right 
side, vomiting and increased dyspnea made the aspira- 
tion of 300 cc of pleural'air necessary The intrapleural 
pressure was plus 3, plus 11 before the aspiration and 
minus 2, plus 2 afterward The pain, dyspnea and vomit- 
ing persisted with diminishing severity for two weeks, 
and there was no striking relief from aspiration of 
pleural air Five days after the patient’s admission the 
initial pleural pressure was minus 6, plus 11, and after 
aspiration of 700 cc^-of air, minus 8, plus 8 At the end 
of two weeks there was almost complete expansion of 
the lung, with no further pulmonary symptoms He was 
discharged on the fiftieth day of hospitalization, and 
although he was readmitted several times with the diag- 
nosis of bronchial asthma and pulmonary emphysema, 
there was no recurrence of the pneumothorax 

Case 2 — K 33 year old American seaman was ad- 
mitted to the first medical division of Bellevue Hospital 
Sept 8, 1938, with a history of several days of cough 
and asthma 

Past History — The patient had had a chronic cough 
throughout most of his adult life and had had asthmatic 
attacks for five to six years On his first admission to 
the hospital, in 1935, the admission diagnosis was chronic 
bronchitis, malnutrition, fatty liver, chronic alcoholism 
and possible bronchial asthma In 1936 he was admitted 
with the diagnosis of acute and chronic bronchitis and 
bronchial asthma The asthma responded to oral admin- 
istration of ephednne sulfate In 1938 a hemorrhoidec- 
tomy was postponed because of an exacerbation of 
bronchitis There was no history of pulmonary tuber- 
culosis, and a roentgenogram of the chest taken in 1935 
revealed no sign of this disease The patient said he 
had been a heavy drinker but that he had not indulged 
m alcoholic excesses in recent years Except for gonor- 
rhea at the age of 17, the system review revealed no 
significant past history 

Present Illness — Six days prior to admission the 
patient became increasingly short of breath during an 
asthmatic attack He was gasping for air, and a physi- 
cian gave him a hypodermic injection which temporarily 
relieved the dyspnea Throughout the week, however, 
he became increasingly dyspneic, had constant anorexia 
and vomited on one occasion There was no mention of 
pain prior to his admission 

Physical Evainination — The temperature was 100 2 F , 
the pulse rate 120, the respiratory rate 30 and the blood 
pressure 120 systolic and 80 diastolic The patient was a 
poorly nourished man appearing acutely and chronically 
ill, dyspneic, cyanotic and orthopneic A postnasal dis- 
charge was noted The chest was emphysematous, and 
prolonged high-pitched expiratory breath sounds and 
sibilant wheezes were heard bilaterally The heart was 
normal except for the absence of an apical impulse in 
the usual location and the presence of an epigastric 
pulsation Cardiac auscultation was unsatisfactory be- 
cause of the loud breath sounds 

Laboratory — Urinalysis gave normal results The 
white blood cell count was 8,850, with polymorpho- 
nuclear leukocytes 70 per cent, lymphocytes 28 per cent, 
monocytes 1 per cent and eosinophils 1 per cent 


Clinical Course — During the first twenty-four houra 
the clinical picture was that of bronchial asthma which 
failed to respond to the routine therapy for this con- 
dition One observer confirmed the presence of signs of 
bronchial asthma bilaterally, and another noted that the 
wheezing was more pronounced on the left side of the 
chest There was no tracheal deviation and no engorge- 
ment of the veins of the neck or dependent edema 
The cyanosis noted on the patient’s admission increased 
Thirty-six hours after his admission the vital capacity 
was 1,500 cc At about this time the chest began to 
“ache” The bronchospasm had not been relieved by 
epinephrine, ephednne or ammonium chloride, and he 
was given a total of 06 Gm of sodium amytal over an 
eleven hour period Because of extreme restlessness, a 
total of 20 cc of paraldehyde was given orally over 
a seven hour period After this medication he insisted 
on walking about the ward but wms apparently well 
oriented Three hours later deep cyanosis was noted, 
the pulse rate was 84 per minute, and respiration was 
shallow, with a rate of 24 to 30 per minute The pulse 
became feeble, and epinephrine and pentamethylene- 
tetrazol (metrazol) and also intravenous injections of 
50 per cent dextrose solution w’ere administered without 
effect It was noted that the physical signs suggesting 
bronchospasm were abating and that the right hemi- 
thorax was poorly aerated He w^as placed in a Drinker 
respirator The cyanosis deepened, and he became coma- 
tose and failed to respond to noxious stimuli after two 
hours After four hours in the respirator, sixty hours 
after admission, he died Just prior to his death large 
amounts of grayish mucus were aspirated from the 
trachea “This probably explains the markedly dimin- 
ished aeration of the right lung” was one of the last 
notes made on the chart 

The temperature ranged from 97 to 100 2 F , the pulse 
rate from 90 to 100 and the respiratory rate from 24 to 
30, except for terminal figures of 101 F, 120 and 60 
respectively 

Permission for necropsy was not obtained 

Twenty-four hours after the death of the patient the 
routine roentgenogram of the chest taken on his ad- 
mission was reported as showing “pneumothorax result- 
ing in partial collapse of the right lung, minimal 
effusion in the costophrenic sinus, interstitial changes 
and fibrosis at the roots of both lungs, extending into 
the parenchyma , fusiform dilatation of the descending 
portion of the arch of the aorta ” 

COMMENT 

In case 1 the diagnosis of spontaneous pneumo- 
thorax was not made during the asthmatic attack 
because insufficient importance was attached to 
the patient’s statement that there was a sudden 
change in the character of his dyspnea Also, 
as Laennec has pointed out, the diagnosis of 
pneumothorax in an emphysematous person may 
be difficult because of the diffuse hyperresonance 
and distant breath sounds As has been ob- 
served elsewhere,^® sibilant asthmatic breath 
sounds were heard with great clarity over the 
pneumothorax 

In case 2 several observers noted physical 
signs that should have suggested the correct 

20 Laennec, R H T De I’auscultation mediate. 
Pans, J A Brosson & J S Chaude, 1819 
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diagnosis But the minds of those who saw 
the patient seemed closed to the possibility of 
a pneumothorax occurring during an asthmatic 
attack It IS possible, but unlikely, that death 
resulted from unwise administration of paralde- 
hyde Had the diagnosis of pneumothorax 
been made, it is likely that appropriate therapy 
might have saved the patient The use of the 
respirator was, of course, ill advised 

On few occasions is the physician’s “index 
of suspicion” lower than when he is treating 
recurrent bronchial asthma Roentgenograms 
cannot be ordered with every attack, and it was 
only by chance that in the second case a routine 
film taken on the patient’s admission revealed 
the pneumothorax after his death The large 
number of interesting medical and surgical meth- 
ods of treating bronchial asthma tend to direct 
one’s attention toward therapy rather than toward 
a consideration of a possible concomitant patho- 
logic process The clinical picture of an asth- 
matic patient with pneumothorax may be so 
alarming that the problem of relief of broncho- 
spasm occupies the entire attention of the phy- 
sician 

In both the cases reported here there was 
an associated chronic bronchitis and pulmonary 
emphysema There is no evidence to suggest 
that the mechanism of the pneumothorax in the 
second case was any other than the usually ac- 
cepted one of a rupture of the visceral pleura 
with a subsequent valvular action In the first 
case the second manometnc readings suggest an 
open pneumothorax, as in the case of Kahn 
At no time was the relief of symptoms from 
the aspiration of pleural air striking The sig- 
nificance of this unusual feature of the pneumo- 
thorax in the first case will be discussed after 
a considei ation of the newer knowledge of cei- 
tain mediastinal air pathways 

Laennec described interstitial emphysema, 
but until recent years the subject has received 
little attention Discussing spontaneous pneumo- 
thorax in asthma, Hamman stated 
one IS justified in considering that the pneumo- 
thorax may be secondary to mediastinal emphy- 
sema ” Elsewhere,^" discussing spontaneous 
pneumothorax, he stated “It seems altogether 
likely that in most instances, if not in all, the 
air reaches the pleural cavity through the medi- 
astinum We have been accustomed to 

ascribe the escape of air to the rupture of emphy- 
sematous bullae and to minute tears produced 

21 Burstem, C L The Hazard of Paraldehyde 
Administration Clinical and Laboratory Studies, J A 
M A 121*187 (Jan 16) 1943 

22 Hamman, L Spontaneous Mediastinal Emphy- 
sema, Bull Johns Hoplans Hosp 64 1 (Jan ) 1939 


by the tug of adhesions These explanations 
have never been altogether convincing, and I 
think that we must now at least entertain the 
possibility that the initial lesion of a spontaneous 
pneumothorax may be interstitial emphysema of 
the lung with an escape of air to the pleura 
through the mediastinum ” Several features of 
the reported cases of spontaneous pneumothorax 
and asthma support Hamman’s contention It 
has been noted that subcutaneous emphysema of 
the neck may be associated with spontaneous 
pneumothorax and asthma, a fact which suggests 
the possibility of mediastinal pathways for air 
(Seventeen collected cases of subcutaneous em- 
physema and bronchial asthma make this con- 
dition appear somewhat more unusual than 
spontaneous pneumothorax as a complication of 
asthma Experimentally, however, interstitial air 
tends to travel from the periphery to the medi- 
astinum rather than to the pleural space 

Aspiration of the pleural air in this type of 
pneumothorax may not relieve the symptoms 
This suggests that there may be some cause 
for cardiorespiratory embarrassment other than 
the compression of the lung I recall seeing a 
patient with bilateral spontaneous pneumothorax 
with obliteration of the right radial pulse fol- 
lowing tracheotomy The extreme cyanosis and 
dyspnea were not relieved by aspiration of pleural 
air Obliteration of the radial pulse has been 
reported to occur with spontaneous pneumothorax 
complicating bronchial asthma It is possible 
in these cases of bronchial asthma, as in the 
case of pneumothorax following tracheotomy, 
that aspiration of pleural air failed to relieve 
an associated mediastinal emphysema 

Pastormo,^"' writing on spontaneous pneumo- 
thorax and asthma in 1934, suspected the 
existence of bronchovascular pathways for air 
through the mediastinum Their exact location 
was later demonstrated by Mackim He intro- 
duced air under pressure into the terminal bronchi 
of cats and followed its course histologically 
This experiment reproduced roughly the condi- 
tions in asthma when air is trapped under pres- 
sure m the smaller ramifications of the bronchial 
tree He stated,^^ referring to air under pres- 
sure m the alveoli “ there is a break 
through from the overdistended alveoli of the 

23 Rosenberg, J , and Rosenberg, L Subcutaneous 
Emphysema Complicating Bronchial Asthma, Am J M 
Sc 195 682 (May) 1938 

23a Harvey 12 b Elliott Case 1 of present report 
^24 Pastorino, A Asma y enfisema, asma y neumo- 
torax. Rev de tuberc d Uruguay 4:256, 1934 

25 Macklin, C C Transport of Air Along Sheaths 
of Pulmonic Blood Vessels from Alveoli to Medias- 
tinum Clinical Implications, Arch Int Med 64*913 
(Nov) 1939 
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lung into the overlying perivascular sheaths 
multiple very small ruptures into the 
sheath system which overlie the finer ramifica- 
tions of the pulmonary blood vessels ” Once 
entrance has been gained to the perivascular 
sheaths, air can travel to the pleural space, to 
the mediastinum and neck, and even to the retro- 
peritoneal space Bronchoscopic studies during 
asthmatic attacks indicate that there is suf- 
ficient obstruction from bronchial constriction, 
edema and fibrin plugs to build up alveolar pres- 
sure Mackhn stated that the pi essures pi o- 
duced m his experiments were greater than might 
be encountered clinically But the passage of 
air to the pleural space in accidental overmflation 
of the lung during intratracheal anesthesia 
suggests the possibility of alveolar rupture and 
escape of air into the perivascular sheaths occur- 
ring m human beings as m experimental animals 
The similarity of bronchial asthma complicated 
by pneumothorax and subcutaneous emphysema 
and the conditions observed m the experimental 
animals of Mackhn also suggests that interstitial 
emphysema may occur as a complication of 
bronchial asthma The similarity between cases 
of asthma thus complicated and cases m which 
there are pneumothorax and mediastinal emphy- 
sema secondary to a foreign body in a bronchus 
IS striking In the latter cases it can be shown 
that the air enters the pleural space not through 
the visceral pleura but via the damaged alveoli 
However, the possibility that this type of 
pneumothorax may be secondary to rupture of 
a subpleural bleb cannot be dismissed, partic- 
ularly since long-standing bronchial asthma and 
“asthmatic bronchitis” may be associated with 
pulmonary emphysema But most authors state 
that spontaneous pneumothorax as a complica- 
tion of bronchial asthma is rare in the presence 
of pulmonary emphysema®® The usual hypoth- 
esis advanced is that emphysematous tissue is 
more rigid than normal pulmonary tissue and 
resists compression Cournand, Richards and 

25a. Leggett 8 d’Abreu, A L Asthmatic Attack 
Studied Through Bronchoscope, Lancet 2 421 (Oct 
S) 1940 

26 Mackhn, C C Pneumothorax with Massive Col- 
lapse from Experimental Over-Inflation of the Lung 
Substance, Canad M A J 36 414 (April) 1937 

27 Heidnck, A F , Adams, W E , and Livingstone, 
H M Spontaneous Pneumothorax Following Positive 
Pressure Intratracheal Anesthesia Report of a Case, 
Arch Surg 41 61 (July) 1940 

28 Fisher, J H , and Mackhn, C C Pulmonic 
Interstitial and Media 5 tmal Emphysema Report of a 
Fatal Case in Which the Emphysema Occurred in a 
Child as a Result of the Aspiration of Peanut Frag- 
ments, Am J Dis Child 60 102 (July) 1940 

29 Castex and Mazzei ^ Faulkner and Wagner ■< 
Casielloi® Rey, Rey and Lertora^®*! Pastormo®* 


Maier have reported on a patient in whom 
healthy tissue was compressed by a pneumo- 
thorax (artificial) whereas the emphysematous 
tissue was not This fact makes spontaneous 
pneumothorax a particularly grave complication 
of pulmonary emphysema Three autopsies on 
patients dying from spontaneous pneumothorax 
and bronchial asthma have been reported Emer- 
son and Beeler reported the presence of an 
associated pulmonary emphysema Fornet de- 
scribed subpleural interstitial emphysema with 
lacerated alveoli Austoni and Marfori men- 
tioned both pulmonary and interstitial emphysema 
with no demonstrable pleural lesion A necropsy 
was not performed in Nash’s fatal case,^®*^ but 
he described a mediastinal resonance suggesting 
an escape of air from the lower trachea 
or bronchus into the mediastinum ” Reports 
of 14 autopsies on persons dying during asth- 
matic attacks mentioned “voluminous lungs” 
frequently but not interstitial emphysema Mack- 
hn stated that interstitial emphysema is rarely 
recognized without special intrabronchial fixation 
of the tissues An unsuspected pneumothorax 
may easily be missed at autopsy Rasmussen 
and Adams ®® expressed the belief that medi- 
astinal and interstitial emphysema may be the 
cause of death in certain cases of bronchial 
asthma and have experimental evidence to sup- 
port their contention Mackhn stated that 
experimental interstitial emphysema may involve 
the opposite lung and that once a pneumothorax 
IS established a contralateral pneumothorax may 
occui after a break through the thin mediastinal 
septum This fact makes it unlikely that the 
relatively high incidence of bilateral pneumo- 
thorax in asthma previously referred to, is caused 
by bilateral “simultaneous rupture of bullae on 
the surface of the lungs,” as has been suggested ®® 
Fuchs reported a case of spontaneous pneumo- 
thorax occurring in an asthmatic patient after 
the intrabronchial instillation of iodized oil 
Roentgenograms showed no oil in the pleural 
space, and the author suggested that the air 

30 Cournand, A , Richards, D W , and Maier, H 
C Pulmonary Insufficiency, Am Rev Tuberc 44 272 
(Sept) 1941 

31 Craige, B Fatal Bronchial Asthma Report of 
Seven Cases, Arch Int Med 67 399 (Feb ) 1941 
Bases, L , and Kurtm, A Prevention of Death in 
Status Asthmaticus Value of Bronchoscopy, Arch 
Otolaryng 36 79 (July) 1942 

32 Rasmussen, R A , and Adams, W E Experi- 
mental Production of Emphysema, Arch Int Med 70 
379 (Sept) 1942 

33 Jeffrey, G S , and Marlatt, D C Simultaneous 
Bilateral Spontaneous Pneumothorax Complicating 
Bronchial Asthma, Canad M A J 39 171 (Aug) 
1938 
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escaped from distended bronchioles rather than 
through the surface of the visceral pleura 

A concomitant mediastinal and interstitial 
emphysema may explain the extreme degree of 
cardiorespiratory embarrassment in cases of 
spontaneous pneumothorax and bronchial asthma 
when the symptoms persist after aspiration of 
pleural air and relief of bronchospasm Mack- 
hn stated that air m the perivascular sheaths 
acts as "an air vise” and may interfere with 
both the arterial and the venous blood supply with 
resulting failure of the right side of the heart 
Ballon and Francis/^ in conclusions drawn from 
both clinical and experimental material, stated 
that mediastinal air not only may cause cardiac 
tamponade but may compress even the axillary 
and femoral vessels They reported edema of 
the trachea and bronchi in mediastinal emphy- 
sema, a fact which would make mediastinal em- 
physema a particularly disastrous complication 
of bronchial asthma 

Most authors favor conservative management 
of bronchial asthma complicated by spontaneous 
pneumothorax Aspiration of pleural air is 
usually not necessary If there is evidence of 
mediastinal or interstitial emphysema, it may be 
advisable to maintain the pneumothorax to stop 

34 Ballon, H C , and Francis, B E Consequences 
of Variations in Mediastinal Pressure Mediastinal and 
Subcutaneous Emphysema, Arch Surg 19 1627 (Dec ) 
1929 


the leak of air rather than to aspirate pleural air 
Although the administration of morphine to pa- 
tients with bronchial asthma is usually not con- 
doned, It may be necessary to use this drug to 
stop a cough that is building up inti a-alveolar 
pressure No definite outline of therapy can 
be given, since individual cases vary greatly in 
respect to associated pulmonary and interstitial 
emphysema, bronchial infection and numerous 
other factors Although mediastinal emphysema 
IS usually a benign condition, it should be noted 
that surgical release of mediastinal air may be 
necessary Surgical treatment was not sug- 
gested by any of the authors writing on spon- 
taneous pneumothorax complicating bronchial 
asthma, but it might be indicated for a moribund 
patient The use of dextrose solution mtra- 
pleurally has been suggested to prevent the fre- 
quent recurrence of spontaneous pneumothorax 
m asthmatic persons 

SUMMARY 

Spontaneous pneumothorax occurred as a com- 
plication of bronchial asthma in 2 cases This 
is a potentially fatal complication of bronchidl 
asthma Its diagnosis is extremely difficult in 
certain cases This complication should be con- 
sidered in every case of intractable or atypical 
asthma Spontaneous pneumothorax and bron- 
chial asthma are probably sometimes associated 
with mediastinal and interstitial emphysema 

35 Harvey 12b Macklinzs 
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Granulomatous jejunoileitis and its clinical 
manifestations have been well described/ but less 
attention has been devoted to some of the 
nutritional problems which may attend this dis- 
ease The nature of these problems is well 
exemplified by the case of a patient recently, un- 
der our observation Not only were the func- 
tions of his small intestine impaired b}'^ an exten- 
sive grannloTnatons process, but be suffered from 
severe hypoproteinemia, partly induced by a 
period of semistarv^ation in an open lifeboat 
This report presents the results of various thera- 
peutic measures which were evaluated on the 
basis of the patient’s clinical course, daily nitro- 
gen balances and other laboratory data obtained 
over a period of forty-two weeks 

REPORT OF A CASE 

R D , a 23 year old white American man, was ad- 
mitted to the Evans Memorial Hospital on July 28, 1942, 
with the chief complaint of diarrhea of three months’ 
duration His past history was noncontributory At no 
time did he have any gastrointestinal disturbance His 
weight, however, which six years previously had been 
180 pounds (816 Kg), dropped to 140 pounds (63 5 
Kg ) in the three to four years immediately preceding 
entry to the hospital 

Thirteen weeks before the patient was admitted to 
the hospital, the ship on which he was serving as a 
mess boy was torpedoed Subsequently he was exposed 
in an open lifeboat for eight days and had to subsist on 
small rations of chocolate, malted milk tablets, biscuits 
and water During the last two days of this ordeal, his 
ankles began to swell, although in none of the other 
men in the lifeboat did this condition develop After the 
group \\as rescued, the patient had his first bowel move- 
ment in eight days He was thereafter received at a 
small hospital on the eastern coast of the United States, 
where he remained for two months For the first five 
weeks of his course there he had four to five small, 
watery bowel movements daily These contained a small 
amount of blood on rare occasions Thereafter the 
movements decreased to two a day He was treated 
with a limited dietary intake and orally administered 
vitamins and received one blood transfusion During 
these two months he lost approximately 14 pounds (64 
Kg ) in weight 

From the Robert Dawson Evans Memorial, Massa- 
chusetts Memorial Hospitals, and the Department of 
Medicine, 'Boston University Sc'hool of Medicine 

1 (o) Crohn, B B , and Yunich, A M Ileojejun- 
itis, Ann Surg 113 371-380 (March) 1941 (&) 
Sussman, M L , and "Wachtel, E Granulomatous 
Jejuno-Ileitis, Radiology 39 48-53 (July) 1942 


The patient was transferred to a Marine hospital on 
June 17, 1942, where he was found to be emaciated 
and dehydrated Pitting edema of the ankles extended 
one third of tlie way to the knees The tongue was 
smooth but not sore During the first seventeen days, 
a septic type of fever (the temperature rising to 102 F ) 
was present, but thereafter the course was afebrile 
Laboratory data on his admission to the hospital were 
as follows red blood cell count, 1,200,000, hemoglobin 
content, 54 per cent hematocrit value, 22 per cent, and 
reticulocyte count, 1 4 per cent A halometer reading 
showed the red blood cells to average 8 4 microns in 
diameter The white blood cell count was 3,200 with a 
differential count of 33 per cent polymorphonuclear 
leukocytes, 65 per cent lymphocytes and 2 per cent 
eosinophils The icterus index was 2 and the sedimen- 
tation rate was 6 mm in one hour (normal) The serum 
total protein content was 4 85 Gm per hundred cubic 
centimeters, with 2 34 Gm of albumin and 2 51 Gm of 
globulin The urine was normal except for a trace of 
albumin Gastric analysis showed absence of free hydro- 
chloric acid after stimulation with histamine There 
were no ova or parasites in the stools , fat was present, 
but the exact amount was not determined 

The patient was considered to have sprue or perni- 
cious anemia and was therefore given daily parenteral 
injections of liver extract and vitamin B complex 
Diarrhea stopped on the second day of this therapy 
The red blood cell count began to rise, and the reticulo- 
cyte count reached 12 per cent after ten 'days After the 
red blood cell count reached 3,000,000, the patient began 
to have diarrhea again, with loss of weight After three 
blood transfusions, some improvement occurred and the 
red blood cell count rose to 4,300,000 with a hemoglobin 
content of 78 per cent The reticulocyte count gradually 
decreased to 1 3 per cent The total white blood cell 
count and the differential count returned to normal 
values within two weeks The serum total protein con- 
tent decreased slightly to 4 7 Gm per hundred cubic 
centimeters, with albumin 2 15 Gm and globulin 2 55 
Gm An oral dextrose tolerance test showed the fasting 
blood sugar level to be 49 mg per hundred cubic centi- 
meters , one-half hour after ingestion of 100 Gm of dex- 
trose the level was 106 mg , at three hours, 67 mg , and 
at four hours, 50 mg Roentgenograms of the skull, 
sternum, pelvis and chest revealed no abnormalities 
Gastrointestinal roentgen studies showed the stomach 
to be normal In six hours the barium sulfate had 
reached the sigmoid region, but a considerable amount 
of it was retained in the ileum, the mucosal pattern of 
which was suggestive of ulcerative enteritis A roent- 
genogram after a barium enema revealed normal con- 
ditions 

On July 28 the patient was transferred to the Evans 
‘Me.TSWWiial for fwrthe.r study He vias a tall, 

well developed but moderately emaciated young man 
who weighed only 113 pounds (513 Kg) The eyes, 
ears, nose and throat were not unusual The tongue 
was normal The lungs and heart were within normal 

466 



KILLIAN-INGELFINGER— NUTRITION AND JEJUNOILEITIS 


467 


limits The blood pressure was 124 systolic and 76 
diastolic There was moderate abdominal distention with 
tympany, tenderness was not present The liver and 
spleen were not felt There was clubbing of the fingers 
and toes Slight pitting edema of the ankles was present 
There were several external hemorrhoids 

The laboratory data on admission were Hinton 
reaction of the blood, negative, red blood cell count, 
4,250,000, hemoglobin content, 12 Gm , hematocrit value, 
38 8 per cent , mean corpuscular volume, 91 3 cubic 
microns, mean corpuscular hemoglobin concentration, 
31 2 per cent , mean corpuscular hemoglobin content, 
28 3 micromicrograms, and reticulocyte count, 0 2 per 
cent The white blood cell count was 6,200, with a dif- 
ferential count of 72 per cent polymorphonuclear leuko- 
cytes, 25 per cent lymphocytes and 3 per cent monocytes 
The urine was normal The nonprotein nitrogen content 
of the blood was 26 mg per hundred cubic centimeters 
The fasting blood sugar level was 80 mg and the serum 
total protein level 3 75 Gm per hundred cubic centi- 
meters The corrected sedimentation rate (Wmtrobe) 
was 01 mm per minute The stools were watery and 
light brown, and a guaiac test elicited a negative 
reaction 

Roentgen ray studies of the gastrointestinal tract re- 
vealed a normal stomach The duodenum was some- 
what dilated, and localized areas of dilatation with 
puddling of the barium and thickening of the mucosal 
folds were demonstrated in the upper portion of the 
jejunum The lower part of the jejunum and the ileum 
exhibited fixed narrowing of the intestinal lumen, irreg- 
ular and ragged mucosal markings and sharply localized 
round areas of dilatation (fig 1) Intubation study of 
the upper portion of the jejunum demonstrated an ab- 
normal motility pattern with low tone and frequent large 
waves tending to occlude the jejunal lumen Gastric 
analysis on two occasions showed the presence of free 
hydrochloric acid in the fasting specimens The result 
of an intravenous hippuric acid test was normal, 0 9 Gm 
being excreted in one hour The prothrombin content 
of the blood was 100 per cent The cholesterol con- 
tents of the blood were 105 and 115 mg per hundred 
cubic centimeters and the cholesterol ester contents 33 
and 37 per cent The alkaline phosphatase level was 
3 units (King and Armstrong) The serum calcium 
levels were 8 0 and 8 2 mg per hundred cubic centi- 
meters , the inorganic phosphorus levels, 3 5 and 3 8 
mg , the diastase activity, 41 and 43 units (Somogyi), 
and the lipase activity, 0 93 units (Crandall and Cherry) 
The urinary diastase activity varied between 4 and 8 
units (Wohlgemuth) The basal metabolic rate was 
— 10 per cent on one occasion and — 5 per cent on 
another An electrocardiogram revealed normal condi- 
tions The tuberculin test elicited negative reactions in 
dilutions of 1 10,000 and 1 1,000 Guinea pig inocu- 
lation with fecal material proved negative for tubercle 
bacilli 

Chnrcal Com sc — The patient was afebrile and was 
allowed to walk about the ward as desired His diet 
consisted of 300 to 400 Gm of carbohydrate and about 
100 Gm each of protein and fat, amounting to an aver- 
age daily intake of 2,500 to 3,000 calories He received 
daily intramuscular injections of liver extract, later 
these were given twice weekly He also took moderately 
large amounts of thiamine hydrochloride, nicotinic acid, 
riboflavin and vitamins A and D orally 

During the first month the patient showed no signifi- 
cant improvement, although the stools became semi- 
formed and there was a slight gam in weight However, 
the ‘total proteins of the serum continued to decrease, 


reaching the exceptionally low level of 3 2 Gm per 
hundred cubic centimeters with an albumin fraction of 
1 7 Gm Coincident with these changes there was a 
definite increase in the edema of the legs It was evi- 
dent that measures had to be taken to increase tlie blood 
proteins Transfusions of blood plasma were considered, 
but the scarcity of plasma for civilian use, the tre- 
mendous amounts that would be required and the ex- 
pense involved in such therapy prohibited this type of 
treatment A considerable increase in dietary protein 
was incompatible with the patient’s appetite, and it was 
considered questionable whether his abnormal intestine 
could handle an excess intake of protein Since ^pen- 
mental ~ and clinical s reports have proved the efficacy 
of ammo acids and protein hydrolysates administered 
parenterally and orally m maintaining a positive nitro- 

2 (a) Nielsen, E K , Gerber, L P , and Corley, 
R C Retention of the Nitrogen of Ammo Acids 
Administered Singly or in Mixtures to Dogs Fed Diets 
Low in Protein, Am J Physiol 126 215-222 (June) 

1939 (b) Nielsen, E K , and Corley, R C Retention 

of the Nitrogen of Mixtures of Ammo Acids Adminis- 
tered to Rats Fed Diets Low m Protein, ibid 126 223- 
228 (June) 1939 (c) Mueller, A J , Kemmerer, K S , 

Cox, W M, Jr, and Barnes, S T The Effect of 
Casein and a Casein Digest on Growth and Serum Pro- 
tein Regeneration, J Biol Chem 134 573-583 (July) 

1940 (d) Madden, S C , Zeldis, L J , Hengerer, 

A D , Miller, L L , Rowe, A P , Turner, A P , and 
Whipple, G H Casein Digests Parenterally Utilized 
to Form Blood Plasma Protein, J Exper Med 73 
727-743 (June) 1941 (c) Clark, D E , Brunschwig, 

A , and Corbin, N Utilization of Parenterally Admin- 
istered Casein Digest for Synthesis of Proteins, Proc 
Soc Exper Biol & Med 49 282-285 (Feb ) 1942 (/) 

Elman, R , Sachar, L A , Horwitz, A , and Wolff, H 
Regeneration of Serum Albumin with Hydrolyzed Pro- 
tein in Chronic Hypoprotememia Produced by Diet, 
Arch Surg 44 1064-1070 (June) 1942 

3 Shohl, A T , Butler, A M , Blackfan, K D , 
and MacLachlan, E Nitrogen Metabolism During the 
Oral and Parenteral Administration of the Ammo Acids 
of Hydrolized Casein, J Pediat 15 469-475 (Oct ) 1939 
Farr, L E , Emerson, K , and Futcher, P H The 
Comparative Nutritive Efficiency of Intravenous Ammo 
Acid and Dietary Protein m Children with the Nephrotic 
Syndrome, ibid 17 595-614 (Nov ) 1940 Elman, R 
Parenteral Replacement of Protein with the Ammo 
Acids of Hydrolized Casein, Ann Surg 112 594-602 
(Oct ) 1940 Messinger, W J Serum Protein Regen- 
eration Following Use of Ammo Acids m Nephritis 
(Nephrotic Stage), Proc Soc Exper Biol & Med 
47 281-284 (June) 1941 Brunschwig, A , Clark, D 
E, and Corbin, N Postoperative Nitrogen Loss and 
Studies on Parenteral Nitrogen Nutrition by Means of 
Casein Digest, Ann Surg 115 1091-1102 (June) 1942 
Altshuler, S S , Hensel, H M , Hecht, P , and Pursley, 
R Maintenance of Nitrogen Equilibrium by Intra- 
venous Administration of Ammo Acids, Arch Int Med 
70 749-762 (Nov ) 1942 Altshuler, S S , Sahyun, M , 
Schneider, H , and Satriano, D Clinical Use of Ammo 
Acids for the Maintenance of Nitrogen Equilibrium, J 
A A 121-163-167 (Jan 16) 1943 Mueller, A J , 
Fickas, D , and Cox, W M , Jr . Minimum Mainte- 
nance Requirement of an Enzymic Casein Hydrolysate, 
Bull Johns Hopkins Hosp 72:110-115 (Feb) 1943 
Elman, R The Oral Use of the Ammo Acids of 
Hydrolyzed Casein (Amigen) in Surgical Patients, Am. 

J Digest Dis 10-48-50 (Feb) 1943 i 



468 


ARCHIVES 'Oe' internal MEDICINE 


gen balance and in some instances causing a regenera- 
tion of serum albumin, the patient was placed on a 
regimen of oral ammo acids The preparation used^ 
was sufficiently concentrated so that he could take from 
60 to 80 Gm of amino acids daily Another considera- 
tion which prompted the use of oral ammo acids in 
preference to proteins was the fact that only the upper 
third of the small intestine was presumably capable of 
absorbing foods adequately Under such circumstances, 
It seemed reasonable to administer a predigested form 
of protein material which would be available for absorp- 
tion immediately on entering the duodenum and upper 
part of the jejunum 

In order to determine accurately the efficacy of ad- 
ministration of amino acids, it was necessary to carry 
out nitrogen balance studies As can be seen from 
figure 2, the exhibition of orally administered ammo 
acids was followed by an increase in the positive nitro- 



1 — Roentgenologic appearance of the small in- 
testine A and B, one hour roentgenograms taken on 
Dec 11, 1942 and May 4, 1943, showing persistence of 
abnormalities C, two hour roentgenogram taken on 
July 3, 1943, and D, three hour roentgenogi am taken on 
Dec 11, 1942, showing extensive distribution of abnor- 
malities 

gen balance, with a rise in the serum total proteins to 
4 94 Gm per hundred cubic centimeters However, this 
level w'as not maintained, and there was a gradual 
decline of the proteins to approximately 4 Gm per 
hundred cubic centimeters The peripheral edema dis- 
appeared three months after the start of the amino acid 
therapy The patient’s weight remained stationary long 

4 Ammo acids for oral use, derived from the enzy- 
matic hydrolysis of casein, were furnished by Frederick 
Stearns & Company, Detroit 

5 The methods are described m the appendix 


after the loss of the edema fluid, and it became evident 
that although he was still in positive nitrogen balance 
there was little further improvement in his clinical 
course 

Analyses of his stools revealed that the daily excre- 
tion of nitrogen was only slightly above the upper limits 
of normal (table 1) That the ammo acids were being 
utilized as well as absorbed was shown by analysis of 
the urine during a four day period , the excretion of 
amino acid nitrogen was small (table 2) 

Steatorrhea was present, but the total amount of fat 
excieted, with the resultant caloric loss, was not sig- 
nificant (table 1) Since the lipase content of the duo- 
denal juices was normal both in the fasting state and 
after pancreatic stimulation with acetylbetamethylcho- 
hne chloride (mccholyl) the moderate fecal loss of lipids 
was ascribed principally to curtailment in the absorbing 
surface of the small intestine That absorption of fat- 
soluble vitamins occurred, although less than normal, 
was demonstrated by vitamin A tolerance tests, 250,000 
U S P units of vitamin A being used as the test dose 
(fig 3) The fasting serum carotene values were also 
below normal, varying between 0 025 and 0 060 mg per 
hundred cubic centimeters 

Oral dextrose tolerance tests showed that the patient 
was able to absorb dextrose rapidly from the small 
intestine, and the result of an intravenous dextrose 
tolerance test was within normal limits (fig 4) Stain- 
ing the stool with solution of iodine did not reveal an 
abnormal amount of undigested starch particles How- 
ever, on two successive occasions the pancreatic amylase 
was found to be 22 2 and 8 8 units (as grams of maltose) 
when the patient was fasting and 322 and 113 units 
after acetylbetamethylchohne chloride (mecholyl) was 
injected The deficiency of pancreatic amylase suggested 
that the carbohydrates of more complex nature were 
probably not hydrolyzed sufficiently to permit normal 
absorption from the limited surface area of the non- 
discased portions of small intestine In order to increase 
the hydrolysis of starch in the stomach and upper part 
of the small intestine, a fungous amylase concentrate ® 
was given in a dosage of 2 Gm with each meal With 
each dose of this concentrate 4 Gm of calcium car- 
bonate was taken in order to decrease the gastric acidity, 
the optimum pn for the concentrate being between 5 
and 6 Since the combination of orally administered 
amino acids and concentrated amylase produced nausea 
and a consequent decrease in food intake, the ammo 
acids were discontinued after two weeks With the 
am 3 'lase concentrate alone, however, progressive im- 
provement was clearly evident (fig 2) 

During his thirty-eighth week in the hospital the 
patient was given ammo acids ^ intravenously equivalent 
to 6 Gm of nitrogen daily m order to determine 
whether an increase in the positive nitrogen balance 
would occur while he was still taking the concentrated 
amylase However, tliere was no increase in nitrogen 
retention on this regimen 

An interesting observation was made in regard to 
the stool culture on Sabouraud's medium Throughout 
the course prior to administration of the concentrated 
amylase, the stool cultures (and on one occasion a 

6 The amylase concentrate (Neozyme) was sup- 
plied by Fiederick Stearns & Company, Detroit It is 
prepared from a selected species of the Aspergillus 
oryzae group One 0 65 Gm tablet will convert approxi- 
mately 63 Gm of potato starch into absorbable sugars 
at the end of five hours (in vitro) 

7 The amino acids for parenteral use were furnished 
by Frederick Stearns & Company, Detroit 
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culture of jejunal contents) showed a growth of Para- 
saccharomyces G (Moniha albicans) When stool 
cultures were made during the second week of therapy 
with the amylase concentrate, the cultures showed no 
growth and lepeated cultures thereafter did not contain 
yeasts However, cultures made five days after dis- 
continuance of use of the concentrate again yielded 
Parasaccharomyces G 

COMMENT 

Granulomatous jejunoileitis is an inflammatory 
disease of the small intestine of unlcnown cause 
It appears to be closely related to regional en- 
teritis but IS characterized by a diffuse involve- 
ment of the jejunum as well as the ileum The 


4d9 

Yunich^’^ were able to segregate 17 examples of 
ileojejumtis 

The case we have reported fits well into the 
group of cases designated as jejunoileitis The 
diarrhea, anorexia, loss of weight and low grade 
febrile course exhibited are among the outstand- 
ing symptoms of this disease However, 
abdominal pain and cramps, prominent in the 
typical case, were not present Clubbing of the 
fingers, frequently found in chronic malfunction 
of the intestine, was another feature exhibited by 
this patient The severe hyperchromic macro- 
cytic anemia, possibly due to a lack of extrinsic 
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Fig 2 — Clinical course and weekly nitrogen balances 
mg the daily balances determined during each week 


The weekly nitrogen balances were obtained by averag- 


Table 1 — Analyses of Feces for Nttiogen and Lipid Content 


Wet 

Feces, 

Gm 

Period I Sept 25, 26, 27, 1942 293 3 

Period II Oct 14, 15, 16, 1942 309 9 

Period III Nov 29, 30, and Dec 1, 1942 229 0 

Period IV April 30 and May 1, 2, 1943 , 236 4 

Normal values (average upper limits) 170 0 


Dry 

Fecal 

Fecal 

Pat in 

Pat In 

Dietary Fat 

Feces, 

Nitrogen, 

Pat, 

Dry Feces, 

Det, 

Excreted 

Gm 

Gm 

Gm 

per Cent 

Gm 

per Cent 

591 

33 

22 1 

37 

90 

24 

639 

40 

19 5 

30 

90 

22 

44 0 

275 

14 4 

32 

90 

16 

54 8 


18 3 

33 

130 

14 

45 0 

30 


20 


10 


Table 2 — Daily Urinary Excretion of Total Nitrogen^ 
Urea Nitrogen and Ammo Acid Nitrogen 


Urea Nitrogen 



Total 



Per Cent 

Amino Acid 


Urinary 



of Total 

Nitrogen 


Nitrogen 



Urinary 

/ 

*- — 


per 


24 Hour Excretion 


24 Hour 

24 Hours, 

Mg per 

Total, 

of 

Mg per 

Total 

Date 

Gm 

100 Cc 

Gm 

Nitrogen 

100 Cc 

Gm 

11/27/42 

14 28 

728 2 

9 46 

00 

18 0 

023 

11/28/42 

14 88 

066 0 

10 06 

71 

17 0 

0 27 

11/29/42 

18 94 

787 0 

15 16 

75 

20 2 

0 36 

11/30/42 

20 00 

702 0 

14 04 

70 

20 2 

0 44 


first extensive leports of a series of such cases 
were made by Crohn and Yunich and Suss- 
man and Wachtel Out of their experience 
with 200 cases of regional ileitis, Crohn and 


factor, responded well to parenteral injections of 
liver extract Gastric achlorhydria was present 
during the acute stage of the disease, but gastric 
analyses later showed free hydrochloric acid 
m the fasting contents The roentgenologic 
appearance of the gastrointestinal tract showed a 
striking similarity to that described in the 
reported cases Although the patient made a 
pionounced clinical improvement, the abnormali- 
ties evident in the small intestinal pattern showed 
no significant changes during a year of obser- 
vation 

Several features exhibited by this case sug- 
gested sprue, but it was excluded on the basis 
of the roentgenologic observations, the intestinal 
motility records, the dextrose tolerance tests, the 
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vitamin A tolerance tests, the mild steatorrhea, 
the normal prothrombin levels of the blood and 
the clinical course On the other hand, it is not 
impossible that a spruehke process was super- 
imposed on the granulomatous disease at the 
time of the patient’s entry to the Marine hospital 
The severe hypoproteinemia was undoubtedly 
aggravated by the eight day period of starvation, 
the prolonged diarrhea and the inadequate ab- 
sorption of various components of the diet The 



formed by the dotted lines encloses the normal values 
The solid lines indicate results of tests on the patient 
1, on July 30, 1942 , 2, on Sept 17, 1942 , 3, on Dec 15, 
1942, 4, on May 18, 1943, 5, on June 5, 1943, 6, on 
June 20, 1943 

oral administration of large amounts of amino 
acids in addition to the regular diet was instru- 
mental in creating a significant positive nitrogen 
balance and resulted in a rise in the serum al- 
bumin with a partial correction of the hypo- 
protememia The large dose of hydrolyzed pro- 
tein necessary to cause a regeneration of serum 
albumin has been demonstrated by Elman and 
associates in dogs rendered hypoproteinemic 
by protein-deficient diets , 96 5 per cent of the 
nitrogen retained by the animals was utilized for 
the replenishment of the tissue proteins, while 
only about 3 5 per cent could be accounted for 
in the replenishment of serum albumin 

In spite of a diet apparently adequate in car- 
bohydrate, fat and protein, the patient reached 
a state where there Avas no further increase in 
the serum proteins, even though administration of 
amino acids was continued It seemed that al- 
though the amino acids were being absorbed 

N 


from the gastrointestinal tract, they were pos- 
sibly being deaminated and the non-mtrogenous 
residue used to furnish energy to the body Since 
the patient was not gaining weight, this was 
fairly good evidence that the non-nitrogenous 
poition of the molecule was not being stored 
either as glycogen or as fat 

One reason that the patient’s dietary intake 
was insufficient to take care of his metabolic 
requirements became apparent when an analysis 
of the duodenal juices revealed a deficiency of 
pancreatic amylase Thus many of the more 
complex carbohydrates m his diet presumably 
were not hydrolyzed to dextrose in the upper 
part of the small intestine, and innumerable 
calories were lost in this manner That deficiency 
of pancreatic amylase can exist without a simul- 
taneous deficiency of pancreatic lipase or trypsin 
has been pointed out by Andersen,® who found 
that infants with chronic diarrhea exhibit this 
phenomenon Furthermore, it has been shown 
experimentally by' Grossman, Greengard and 
Ivy ® that the type of diet influences the enzyme 
makeup of the pancreas and its secretion That 
this patient’s disease of the small intestine con- 
ditioned the insufficiency of pancreatic amylase 
is possible but is not supported by any evidence 



Fig 4 — Dextrose tolerance tests The solid lines 
represent results of oral tests 1, on July 23, 1942, 2, 
on Aug 5, 1942 , 3, on June 4, 1943 The dotted line 
represents results of an intravenous test on Dec 18, 
1942 

The response to the amylase concentrate was 
striking The immediate effect noticed was a de- 

8 Andersen, D H Pancreatic Enzymes in the 
Duodenal Juice in the Celiac Syndrome, Am J Dis 
Child 63 643-658 (April) 1943 

9 Grossman, M I , Greengard, H, and Ivy, A C 
The Effect of Dietary Composition on Pancreatic 
Enzymes, Am J Physiol 138 676-682 (March) 1943 
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crease in abdominal distention and flatus The 
appetite improved, more nitrogen was retained, 
serum albumin and total protein increased and a 
considerable gam in weight occurred The dis- 
appearance of Monilia albicans (Parasaccharo- 
myces G) from the stools while the patient was 
taking the amylase concentrate also suggests that 
the carbohydrates were broken down and ab- 
sorbed rather than allowed to ferment in the in- 
testine and so provide a favorable substrate for 
growth of these yeasts 

Serum vitamin A determinations showed 
extremely low fasting levels, but a progressive 
rise in these levels occurred after vitamin A was 
administered daily The rise in the serum vita- 
min A level following a single large dose of 
vitamin A by mouth indicated that this fat- 
soluble vitamin could be absorbed even from an 
extensively damaged small intestine On the 
other hand, the vitamin A tolerance tests yielded 
results which were definitely below the normal 
range (fig 4), which is somewhat at variance 
with the results of Adlersberg and Sobotka,^” 
who found that the average value of vitamin A 
tolerance tests carried out m 5 cases of jejuno- 
ileitis tended to fall within the normal range 

SUMMARY 

A patient with extensive granulomatous 
jejunoileitis and pronounced hypoproteinemia 
was studied and the following observations made 

1 A deficiency in pancreatic amylase compli- 
cated the intestinal disease 

2 A positive nitrogen balance was easily 
established, but the hypoproteinemia and the 
weight responded only moderately to a high oral 
intake of proteins and amino acids 

3 Oral administration of a concentrated 
amylase was followed by a gam in weight and an 
increase in serum proteins, presumably by an in- 
crease in the breakdown and absorption of car- 

10 Adlersberg, D , and Sobotka, H Fat and Vita- 
min A Absorption in Sprue and Jejuno-Ileitis, Gastro- 
enterology 1 357-365 (April) 1943 


bohydrates, which prevented the use of ammo 
acids as a source of bodily energy 

4 The administration of the amylase appeared 
to inhibit the growth of Monilia albicans m the 
stools 

Dr Chester Keefer and Dr Richard Johnson made 
many suggestions regarding this study 

APPENDIX 

Methods — The food consumed by the patient was 
weighed by the dietitian and the protein, fat, carbo- 
hydrate and caloric value calculated from standard food 
tables Twenty-four hour specimens of urine were col- 
lected daily and analyzed for total nitrogen On several 
occasions specimens of urine were analyzed for ammo 
acid nitrogen (Sahyun) and urea nitrogen 

The stools were collected during four three day 
periods The total lipid content was determined by 
acidifying and dr 3 nng the total fecal output for a three 
day period The dried feces were then powdered, and 
a 10 Gm aliquot was extracted with ether in a Soxhlet 
apparatus and reextracted with purified benzine The 
dried stools were also analyzed for total nitrogen con- 
tent (Kjeldahl) 

Determinations of the total serum proteins were made 
three times a week by the falling drop method, and 
occasionally these results were checked by the Kjeldahl 
method Ammo acid nitrogen levels of the blood were 
determined twice weekly according to the method of 
Sahyun 

Vitamin A and carotene in the serum were determined 
according to the method of May and associates 

The duodenal contents were collected by the method 
of Agren and Lagerlof The pancreatic amylase was 
determined according to the method of the same authors, 
and the pancreatic lipase, by the method of Crandall and 
Cherry 

11 Sahyun, M The Determination of Ammo Acid 
Nitrogen in the Blood and Urine A Rapid Colorimetric 
Method, J Lab & Clin Med 24 548-553 (Feb ) 1939 

12 May, C D , Blackfan, K D , McCreary, J F , 
and Allen, F H, Jr Clinical Studies of Vitamin A m 
Infants and Children, Am J Dis Child 59 1167-1184 
(June) 1940 

13 Agren, G , and Lagerlof, H The Pancreatic 
’ Secretion m Man After Intravenous Administration of 

Secretin, Acta med Scandinav 90 1-29, 1936 

14 Crandall, L A , Jr , and Cherry, I S Studies 
on the Specificity and Behavior of Blood and Tissue 
Lipases, Proc Soc Exper Biol & Med 28 570-572 
(March) 1931 
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Until recently, rheumatic fever has been 
vie-wed as a disease taking place within a short 
period The newer concepts, however, emphasize 
that the rheumatic infection may endure through 
the entire life of the patient 

Mental symptoms during acute rheumatic 
fever have been observed since the days of 
Benjamin Rush, founder of American psychiatry ^ 
Mental disease occurring within a period of 
several months following the acute stage, as the 
result of rheumatic cerebral involvement, has 
been described by Winkelman and Eckel ^ A 
woman aged 33 had rheumatic fever She re- 
covered sufficiently to be able to do light house 
work Several months later she began to have 
ideas of persecution, visual hallucinations and 
suicidal tendencies When she died, shortly 
afterward, microscopic examination of the brain 
revealed proliferative endarteritis of the small 
cortical vessels and minute areas of partial and 
complete softening in the gray matter 

More recent neuropathologic studies ^ have 
directed attention to the fact that rheumatic in- 
volvement of the brain causing mental illness 
may occur many years after the acute stage of 

From the Central State Hospital 
Clinical Director, Central State Hospital , Clinical 
Professor of Psychiatry and Neurology, Indiana Uni- 
versity School of Medicine 

1 Goodman, N G Benjamin Rush, Physician and 
Citizen, 1746-1813, Philadelphia, University of Penn- 
sylvania Press, 1934, p 260 Haskell, R H Mental 
Disturbances Associated with Acute Articular Rheuma- ' 
tism. Am J Insanity 71 361 (Oct) 1914 Winkelman, 
N W , and Eckel, J L The Brain in Acute Rheu- 
matic Fever Nonsuppurative Memngo-Encephalitis 
Rheumatica, Arch Neurol & Psychiat 28 844 (Oct ) 
1932 

2 Winkelman, N W, and Eckel, J L Endarteritis 
of the Small Cortical Vessels in Severe Infections and 
Toxemias, Arch Neurol & Psychiat 21 863 (April) 
1929 

3 Bruetsch, W L The Histopathology of the Psy- 
choses with Subacute Bacterial and Chronic Verrucose 
Rheumatic Endocarditis, Am J Psychiat 95 335 
(Sept ) 1938 Bruetsch, W L , and Bahr, M A 
Chronic Rheumatic Brain Disease as a Factor in the 
Causation of Mental Illness, J Indiana M A 32 445 
(Sept) 1939 Bruetsch, W L Chronic Rheumatic 
Brain Disease as a Possible Factor m the Causation of 
Some Cases of Dementia Praecox, Am J Psychiat 
97 276 (Sept ) 1940 , Rheumatic Endarteritis of Cere- 
bral Vessels Sequel of Rheumatic Fever, Tr Am 
Neurol A 68 17, 1942 


rheumatic fever, at a time when the person is 
otherwise enjoying good physical health 

This viewpoint had its inception m postmortem 
observations In the necropsy service of the 
Central State Hospital, m Indianapolis, it was 
noted that patients with rheumatic lesions of the 
cardiac valves not infrequently had concomitant 
gross or microscopic changes in the brain and 
in other organs which, in the absence of other 
possible causative factors such as syphilis or 
arteriosclerosis, were interpreted as rheumatic 
alterations 

Several questions then presented themselves 
First, what is the incidence of rheumatic infec- 
tion among inmates of mental institutions? 
Secondly, what are the changes in the brain tis- 
sues of rheumatic patients who ultimately find 
their way into state hospitals? Thirdly, what 
are the psychiatric symptoms of these patients? 

INCIDENCE OF KHEUMATIC FEVER AMONG 
PATIENTS WITH MENTAL DISEASE 

An infallible sign of rheumatic fever in its in- 
active stage IS rheumatic heart disease In a 
group of 500 consecutive and unselected necrop- 
sies which I made on patients with mental dis- 
ease, rheumatic cardiovalvular changes were 
noted m 4 4 per cent of the subjects .There was 
an additional 0 6 per cent of patients with rheu- 
matic valvular lesions who had had positive reac- 
tions for syphilis This made a total of 5 per cent 
of patients having rheumatic cardiac disease 

The figure of 5 per cent may be considered as 
representative of the prevalence of rheumatic 
heart disease in the population of the average 
mental disease hospital located in the same lati- 
tude In this series of 500 necropsies no attempts 
were made to concentrate on rheumatic persons 
for the reason that in most instances a 
clinical diagnosis of rheumatic heart had not 
been made during life Almost all patients with 
rheumatic cardiac disease in institutions for per- 
sons with mental illness are able to carry on 
ordinary activity without discomfort Hence the 
presence of rheumatic infection remains unrecog- 
nized 

If the incidence of rheumatic valvular changes 
were compiled separately for the various types of 
psychoses, wide and significant differences would 
result In a gioup of 171 patients with dementia 
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paralytica, on whom necropsies were done, rheu- 
matic valvular disease was present m only 1 7 
per cent, while m 100 patients with schizophrenia 
the incidence was 9 per cent Most of the schizo- 
phrenic patients had been inmates for many 
years, but they were not known to have suffered 
from active rheumatic fever during their stay in 
the institution 

The frequency of rheumatic infection among 
aewly admitted patients with mental disease has 
also been the subject of a survey Of 549 female 
patients admitted during the two year period of 
1940 and 1941, 6 6 per cent had rheumatic heart 
disease An additional 1 5 per cent had a definite 
history of rheumatic fever or of chorea, but no 
clinical signs of cardiac involvement The total 
incidence of rheumatic infection m the female 
Stroup was therefore 8 1 per cent 

During the same period 502 male patients 
were admitted Of these only 1 6 per cent had 
a rheumatic heart One per cent had a history 
of rheumatic fever or of chorea without cardiac 
symptoms Thus a total of 2 6 per cent of male 
patients had rheumatic infection The ratio 
between rheumatic men and women on this basis 
was approximately 1 3 

When these figures were compared with those 
For the general population, the difference 
assumed statistical significance According to 
Hedley ^ the incidence of rheumatic heart disease 
in the United States is conservatively set at 
about 800,000 to 1,000,000 cases, or less than 1 
per cent The high prevalence of rheumatic 
:ardiac disease among patients with mental dis- 
ease in itself IS highly suggestive that there 
night be a direct relationship between rheumatic 
Fever and the mental symptoms However, even 
before the rate of rheumatic heart disease among 
such patients had been established, postmortem 
observations had revealed the interesting fact 
Lhat long-continued rheumatic infection involved 
not only the heart but the brain ^ and at times 
other organs, such as lungs,® kidneys ° and spleen 

nature or LATE CEREBRAL SEQUELAE OF 
RHEUMATIC FEVER 

The involvement of the brain consisted most 
frequently of a recurrent rheumatic obliterating 
endarteritis, particularly of the small meningeal 
ind cortical vessels, with subsequent gross or 
microscopic softenings m the cerebral cortex 
This condition has been termed “rheumatic brain 

4 Hcdley, O F Rheumatic Heart Disease A 
Mational Health Problem, Proc A Life Insur M Dir 
\menca (1938) 25 163, 1939 

5 Brenner, O Pathologj of the Vessels of the 
Pulmonary Circulation Rheumatism of the Pulmonary 
fVrtcries, Arch Int I^Icd 56 1190 (Dec) 1935 

6 Fahr, T Kurze Beitrage zur Frage der Ncphro- 
iklcrose Deutsches Arch f klin Med 134 366, 1920 


disease ” A few patients had rheumatic men- 
ingoencephalitis A third type of involvement 
was cerebral embolism occurring in patients with 
mitral stenosis during auricular fibrillation 

Rheumatic vascular lesions as a sequel of 
rheumatic fever were first described as occurring 
in the myocardium, by Krehl ^ Later, Von Glahn 
and Pappenheimer,® Karsner and Bayless,® and 
Gross demonstrated rheumatic endarteritis in 
the vessels of various internal organs V on 
Santha^^ observed similar changes in the cere- 
bral vessels of a young patient with rheumatic 
chorea 

RHEUMATIC BRAIN DISEASE 

The term rheumatic brain disease has been 
borrowed from internal medicine, which speaks 
of rheumatic heart disease m denoting both 
valvular and myocardial changes In the same 
sense, the designation rheumatic brain disease 
comprises both the primary changes m the cere- 
bral vessels and the manifold secondary lesions 
in the gray matter brought about by the prolifer- 
ative endarteritis of the small meningeal and cor- 
tical vessels There are also clinical similarities 
Many persons with rheumatic heart disease are 
well and unaware of the cardiac condition until 
an incidental physical examination reveals a heart 
murmur Similarly, most patients with mental 
disease who have rheumatic brain disease appear 
physically and neurologically well, a heart mur- 
mur and a history of previous rheumatic fever 
giving the only clue to the etiologic background 
of the mental illness 

The sequence of events m a few clinically and 
anatomically well observed cases will be given 

At the age of 6 years the patient had chorea The 
first mental symptoms appeared at 18, when she became 
seclusive and expressed delusions of persecution On 
her admission to the state hospital, physical examina- 
tion revealed nothing significant except a mitral murmur, 
which was not properly interpreted The diagnosis 
was dementia precox At 54 years of age she died of 
rheumatic mitral stenosis Histologic examination of 
the brain revealed meningeal vessels with signs of old 
and recent obliterating endarteritis, associated with 
microscopic areas of incomplete softenings m the cortex. 
In the kidneys old infarctions were present 

7 Krehl, L Beitrag zur Pathologic dcr Herz- 
klappenfehler, Deutsches Arch f klin Med 46*454, 
1890 

8 Von Glahn, W C , and Pappenheimer, A M * 
Specific Lesions of Peripheral Blood Vessels in Rheu- 
matism, Am J Path 2 235 (May) 1926 

9 Karsner, H T , and Bayless, F Coronary 
Arteries m Rheumatic Fever, Am Heart J 9 557 
(June) 1934 

10 Gross, L , Kugel, M A , and Epstein, E Z 
Lesions of the Coronary Arteries and Their Branches 
m Rheumatic Fever, Am J Path 11 253 (March) 1935 

11 von Santha, K Ueber Gefassveranderungen im 
Zcntralnervensy stem bei Chorea rheumatica, Virchows 
Arch f path Anat 287 405, 1932 



474 


ARCHIVES OF INTERNAL MEDICINE 


In other words, rheumatic lesions of many 
years’ duration were observed side by side with 
more recent changes This suggests that rheu- 
matic fever in a chronic form had been present 
since the age of 6 years, when the patient had 
chorea, and that the infection had continued to be 
mildly active until her death, at 54 

In another patient, aged 39, described as having a well 
adjusted personality, there developed a schizophrenic 
psychosis with many ideas of persecution There was 
no history of rheumatic fever or of chorea, but her 
mother had suffered from rheumatism The heart was 
of normal size Cardiac murmurs were not heard or, 
if audible, were missed by the examiner Five months 
after the onset of the psychosis the patient committed 
suicide by hanging The brain was grossly normal 
However, throughout the cortex of the entire brain 
microscopic areas of softenings were observed, which 
at times had progressed into minute cysts extending 
over several cell layers The changes in the gray 
matter were dependent on diseased cortical vessels On 
the mitral valve was recurrent rheumatic endocarditis 
In the kidneys, spleen, liver and pancreas a few rheu- 
matic endartentic vessels were noted 

Since rheumatic brain disease m itself is not 
a fatal condition, most of the patients live out 
their span of life m an institution for persons 
mentally ill unless they die prematurely of mitral 
stenosis or some intercurrent disease or as a 
result of an accident It may be argued that the 
changes in the brain are not related to the mental 
symptoms and are a later development m the 
patient’s life In this instance, however, the 
unusual opportunity had presented itself to 
study the early manifestations of rheumatic in- 
volvement of the brain, winch were coincident 
with the onset of the psychosis 

In these 2 patients the cerebral process had 
produced the clinical picture of schizophrenia 
Modern psychiatry has viewed schizophienia as 
a mere maladjustment of the person to the en- 
vironment Singer, however, expiessed the 
belief that in some cases a disease process had 
occurred, and he classified such cases as instances 
of “schizophrenia, organic type ” In those cases 
in which the illness was obviously a reaction to 
the environment, the condition was termed 
“schizophrenia, psychogenic type ” 

The mental picture of the patients with rheu- 
matic brain disease does not show any character- 
istic psychopathologic content The form of the 
psychosis is determined by the personality and 
also by the age at which the involvement of the 
brain occurs 

In 2 instances rheumatic fever had produced 
cerebral damage in childhood lesulting in mental 
deficiency When the patients, who also showed 

12 Sherman, I C, and Broder, SB Dr H 
Douglas Singer’s Concept of the Psychoses, Arch 
Neurol & Psychiat 49 732 (May) 1943 


later psychotic manifestations, died at the ages 
of 43 and 46 respectively of mitral stenosis, ob- 
literating vascular disease of varied age was 
present In 1 patient this had produced gross 
cortical infarctions m the left frontal lobe 

Milder types of mental abnormalities in chil- 
dren following Sydenham’s chorea have long 
been known At the Emma Pendleton Bradley 
Home,’^® a hospital which limits its activities to 
children with emotional disturbances, the num- 
ber of behavior disorders following rheumatic 
chorea is next m jtrequency to postencephalitic 
personality change 

If the rheumatic involvement of the brain 
occurs later m life, a psychiatric symptom com- 
plex characteristic of that period will be pro- 
duced 

A woman who had had rheumatic fever at 21 showed 
mental symptoms resembling involutional melancholia 
at the age of 51 Seven vears previously she had had 
a slight stroke which left no obvious residue On her 
admission to the hospital there was chronic rheumatoid 
arthritis of both hands and knees A sjstohc blow in 
the mitral and aortic area was heard The blood pres- 
sure was 145 systolic and 80 diastolic The patient 
died at the age of 60 of tuberculous spondylitis In 
the brain were mfarcted convolutions in addition to 
numerous minute areas of incomplete cortical soften- 
ings There was no arteriosclerosis, and the cerebral 
process was interpreted as rheumatic Under the micro- 
scope the mitral and aortic valves revealed old and 
recent rheumatic alterations 

Prior to death this patient was considered as 
suffering from involutional melancholia on a 
psychologic basis Since rheumatic heart disease 
and mental illness affect an appreciable propor- 
tion of the population, psychoses will develop in 
persons with rheumatic cardiac disease in whom 
the rheumatic infection does not produce changes 
in the brain and is unrelated to the mental symp- 
toms Unfortunately, the clinical picture gives 
no clue as to whether one is dealing with an or- 
ganic psychosis or with a mental disturbance on 
a psychogenic background 

The question has been raised whether a biopsy . 
on the brain would be of value The rheumatic 
changes in the brain are evident m some areas 
and are absent in others It is characteristic of 
rheumatic endarteritis that not all vessels are in- 
cluded in the obliterating process and that only 
short segments are diseased Postmortem experi- 
ence has shown that rheumatic lesions aie pres- 
ent in only about one half of the brain blocks 
examined While a biopsy disclosing rheumatic 
changes would be proof of the existence of ^ 
cerebral involvement, a negative result would not 
exclude the presence of rheumatic brain disease 

13 Achievements of the First Ten Years, 1931-1941, 
Emma Pendleton Bradley Home, East Providence, R > 
1941, p 11 
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Necropsy experience, however, points to the 
fact that m mentally ill patients with rheumatic 
heart disease coexisting lesions of the brain are 
frequent In onl}' 1 of 30 patients who had rheu- 
matic valvulitis was the brain free of changes 
In 15 patients there were gross cortical infarc- 
tions, and in the remaining 14 the cerebral 
:hanges consisted of microscopic areas of com- 
plete and partial softenings in the cortex With 
a few exceptions the basal ganglions and other 
structures of the brain were normal 

Most of this work had been done before elec- 
troencephalography had become practical It 
will be left for the future to establish possible 
correlations between electroencephalographic ab- 
normalities and rheumatic cortical lesions 

RHEUMATIC ENCEPHALITIS 

Meningoencephalitis in patients with rheumatic 
cardiovalvular disease is of infrequent occurrence 
Only 2 instances were observed over a ten year 
period 

One of these patients was a 47 year bid woman, who 
SIX weeks prior to admission suddenly became disturbed 
and required restraint She talked continually and in- 
coherently, refusing food and water On admission to 
the hospital, two days before her death, the patient was 
delirious and had a temperature of 104 F The heart 
sounds were distant There were no murmurs The 
joints were normal The husband related later that his 
wife had suffered in previous years from articular 
rheumatism Autopsy revealed on an otherwise normal 
mitral valve a single firm verrucous wart In the spleen 
and the kidneys were old and new infarctions The brain 
was swollen, and there was fresh softening of the left 
temporal lobe, due to massive round cell accumulations 
Throughout the white matter of the entire brain, includ- 
ing the midbrain and pons, but less in the cortex, were 
perivascular infiltrations In the pia-arachnoid were a 
few localized areas with lymphocytes and plasma cells 
Cerebral arteriosclerosis and gross and microscopic 
signs of syphilis of tlie aorta and other organs were 
absent 

RHEUMATIC CEREBRAL EMBOLISM 

At the beginning of this study it was assumed 
that the cortical damage which has been termed 
rheumatic brain disease was caused by minute 
emboli detaching themselves from the cardiac 
valves This thought proved erroneous, and the 
souice of the vascular occlusions was found to 
have its origin in local piohferation of the intima 
Furthermore in studying histologically rheu- 
matic cardiac valves it could easily be seen that 
embolic material will not detach itself readih 
from fibrous verrucae 

Rheumatic cerebral embolism develops most 
frequently in cases of mitral stenosis during 
auricular fibrillation, the soft new ly formed mural 
thrombi furnishing the material for emboli The 
following case will illustrate this t>pe of cerebral 
ln^ olvement 


In a 62 year old woman wutli a history of repeated 
attacks of auricular fibrillation in the past year there 
developed a progressing mental deterioration giving the 
impression of senile psychosis At the age of 12 she 
had had rheumatic fever There was a mild recurrence 
of articular symptoms when she w'as 52 She died of 
mitral stenosis ten days after admission to the insti- 
tution In the brain w'as a large infarction involving 
the left occipital-parietal region and extending into tlie 
upper temporal convolutions The cerebral vessels were 
free of atherosclerotic plaques No signs of intimal pro- 
liferation were observed in these vessels, and the large 
infarction was interpreted to be the result of an embolic 
manifestation during one of the attacks of auricular 
fibrillation in the year preceding the patient’s death 

RHEUMATIC OBLITERATING ENDARTERITIS IN 
OTHER NEUROLOGIC CONDITIONS 

Rheumatic disease of the vessels of the central 
nervous system may prove the cause of a num- 
ber of obscure neurologic conditions m patients 
with rheumatic heart disease 

A paralytic stroke occurring m middle life has 
usually been associated with syphilis, even in 
the absence of positive serologic reactions If 
m a young person an unexplained hemiplegia 
develops and physical examination reveals a 
mitral or aortic murmur, the correct interpreta- 
tion of the neurologic symptoms may be on the 
basis of rheumatic vascular occlusion of one of 
the larger vessels supplying the internal capsule 

Epileptic seizures appearing in the years fol- 
lowing an attack of rheumatic fever or chorea 
have definitely been traced to rheumatic oblitera- 
tion of cerebral vessels Foster has shown 
that the incidence of convulsive seizures in 
patients with rheumatic heart disease is from 
two and a half to seven times higher than in 
the average population 

A diagnostic problem belonging under this 
heading has recently been reported A patient 
aged 45 was hospitalized wuth symptoms of epi- 
demic encephalitis A murmur over the mitral 
and aortic area wnth generalized cardiac enlarge- 
ment was noted, but this observation was not 
utilized in the interpretation of the clinical pic- 
ture Necropsy revealed multiple areas of fresh 
endartentic or embolic softenings in the mid- 
brain, which w'ere responsible for the symptoms 
suggesting epidemic encephalitis There was 
aortic stenosis, and on the mitral valve were 
extensive rheumatic vegetations 

14 Bruetsdi, W L Rheumatic Epilepsj Sequel of 
Rheumatic Fe\cr, Am J Psjchiat 98 727 (Marcli) 
1942 

15 Foster, D B Association Between Convulsive 
Seizures and Rheumatic Heart Disease, Arch Neurol 
& Psvchiat 47 254 (Feb) 1942 

16 Alexander, L The Diseases of the Basal Ganglia, 
A Research Xerv &. Jifcnt Dis , Proc (1940) 21 454, 
1942 
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If encephalitic symptoms appear in a person 
with rheumatic heart disease, the thought should 
always be kept in mind that the patient may 
be suffering from rheumatic cerebral involve- 
ment of an encephalitic, endartentic or embolic 
type This IS true especially if there is no 
epidemic and other types of encephalitis can 
be excluded 

CONTINUITY OF RHEUMATIC FEVER 

The study has brought out the continuity of 
rheumatic fever m a chronic form throughout the 
entire lifetime of the patient and in the absence 
of any symptoms which aie generally regarded 
as evidence of activity In many instances mild 
activity could be demonstrated in the tissue of 
the mitral or aortic valve, consisting of loosely 
arranged foci of round cells, of occasional fibro- 
blasts m the stage of cell division or of minute 
collections of fibrin along the closing border 
which were undergoing organization Likewise, 
in the brain and in other organs vascular changes 
■of varied age could be observed, which revealed 
that the rheumatic process was recurrent and 
was still slightly active, although the original 
attack of rheumatic fever had taken place some- 
times several decades before It is evident, then, 
that the term “inactive rheumatic fever,” which 
of late has been used for rheumatic conditions, 
without obvious clinical symptoms, should be 
employed with caution 


SUMMARY 

A late sequel of rheumatic fever is obliterating 
endarteritis, which usually develops while the 
patient is otherwise in good health If the 
vascular process involves the small meningeal 
and cortical vessels, gross and microscopic infarc- 
tions in the gray matter of the brain will result, 
producing a variety of mental symptoms This 
type of cerebral involvement has been termed 
“rheumatic brain disease ” It represents a 
chronic infectious process in the same sense as 
rheumatic heait disease 

Although widespread and clinically manifest 
obliterating arteritis seems to occur m only a 
small number of patients with rheumatic heart 
disease, the possibility of the development of 
rheumatic endarteritis in such persons appears 
to be ever present 

Rheumatic fever in the form of this late 
cerebral sequel has been found to be an important 
factor in the causation of mental illness The 
fact that rheumatic heart disease is several times 
more frequent among mentally ill patients than 
in persons of the general population emphasizes 
this contention 

Other late cerebral sequelae of rheumatic fever 
are rheumatic encephalitis and cerebral embolism, 
the latter occurring most often during auricular 
fibrillation in patients with mitral stenosis 
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Despite the war, special interest has continued 
md work has been done m certain fields of 
:ardiovascular disease, particularly in electrocar- 
diography, congenital defects, arrhythmias and 
■jypG! iensiGii There are nraay probhms relatcag 
;o cardiovascular disease in wartime, winch are 
3f significance but which have not been published 
lecause of censorship or other restrictions Foi 
this reason, this paper is mostly concerned with 
the advances made in civilian practice 

ANATOMY, PHYSIOLOGY AND METHODS 

Observations on velocity of blood flow have 
been used for a long time to assist in the diag- 
nosis of heart failure, to help judge the seventy 
of the failure and to evaluate the results of ther- 
apy Unfortunately many of the methods in 
current use require intelligent cooperation on the 
part of the patient to produce a good end point 

Esser and Berliner^ devised a test to show 
variations in circulation time in the individual 
patient, using saccharin Sixty patients were 
used in the experiment, and the circulation time 
was first measured After one hour the detei- 
mination was repeated, with the same dose of 
the same drug In only 6 cases were th^ results 
identical In the remaining 54 the figures dis- 
agreed by values from 1 per cent to 143 per cent 
of the original At first glance it might be 
thought that this could be accounted for by 
assuming that the patient was better prepared to 
judge the end point in the second experiment 
by virtue of his experience with the first How- 
ever, the time in the second test was prolonged 
as often as it was shortened in companion with 
the first About half the patients were tested 
under basal conditions, and m this group the 
lesults weie somewhat better than in the total 
number, suggesting that tiie period adjustment 
to rest between the two tests might have had 
something to do with the variable result The 
authors concluded that the saccharine test for 

From the Cardiac Laboratory of the Massachusetts 
General Hospital 

1 Esser, K. H , and Berliner K Duplicate Mea- 
surements of Circulation Time Made with the Sac- 
charine Metiiod, Ann Int Med 19 64, 1943 


circulation time should be perfoimed under basal 
conditions and that it should not be relied on to 
test the progress or course of the patient with 
cardiac disease 

RToster and Same if " used theophylhae ethy}- 
enediamme in a dose of 1 cc of solution (0 24 
Gm ) intravenously to measure the circulation 
time, taking as an end point the involuntary 
respiratory gasp They reported a sharp end 
point, with only 1 failure in 72 cases This is an 
objective method which does not depend on the 
variable subjective reactions of the patient 

Lange and Boyd ® stress the need for a purely 
objective measurement of circulation time They 
recommend an improvement on a technic previ- 
ously reported by the first author, using 
fluorescein intravenously A light source of 
mercury vapor with a purple glass filter is 
directed against the lips of the patient, which 
acquire a greenish yellow hue when the substance 
reaches the capillaries in the lips The end 
points they obtained were very sharp, and repeat 
determinations of circulation time showed excel- 
lent results, the values never differing more than 
three seconds In the majority of cases the 
difference was two seconds or less They in- 
cluded observations on normal persons and on 
patients with heart disease, bronchial asthma 
and hyperthyroidism 

Gross ^ has extended the usual measurements 
of vital capacity to include other functions of 
lespiration which are said to have more diag- 
nostic significance than the vital capacity alone 
He timed the minimum duration of the expira- 
tion which represented vital capacity and then 
calculated the velocity of expiration by dividing 
the vital capacity by the minimum duration of 
expiration A third function, expiratory pres- 

2 Koster, H, and Sarnoff, S J Circulation Time 
A Review of Previous Methods and the Introduction 
of Aminophyllin as a New Agent, J Lab & Clin 
Med 28-812, 1943 

3 Lange, K , and Boyd, L J Objective Methods to 
Determine the Speed of Blood Flow and Their Results 
(Fluorescein and Acetylene), Am J M Sc 206 438, 
1943 

4 Gross, D Investigations Concerning Vital Ca- 
pacity, Am Heart J 25 335, 1943 
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sure, was measured by having the patient breathe 
into a tube connected with a mercuiy blood pres- 
sure manometer These quantities were then 
determined on 30 normal persons of the same 
age, 10 patients with congestive heart failure and 
10 patients with pulmonary disease, including 
emphysema and asthma He also studied a 
miscellaneous group of 10 patients having either 
pulmonary or cardiac disease but not both 
There was no relation between the vital capacity 
and the expiratory pressure In those subjects 
who showed decrease in vital capacity due pre- 
dominantly to cardiac disease the expiratory time 
was prolonged, the velocity of the spirometnc 
expiration was decreased and, most significant, 
the expiratory pressure was decreased greatly, 
typically falling below half of the standard 
value 

Measurements on patients with pulmonary 
disease, on the other hand, showed considerable 
prolongation of the expiratory time, a distinct 
decrease in velocity of expiration and no signifi- 
cant change in expiratory pressure One group 
of patients with normal vital capacity showed 
abnormal expiratory pressure or expiiatory 
velocity All of these had cardiac or pulmonary 
disease For these patients tne new measure- 
ments were helpful in uncovering apparent 
abnormalities not evident in the measui ement 
of vital capacity These methods may be of some 
value m studying the physiologic basis of dis- 
turbances of respiration in caidiac and pulmo- 
nary disease 

Warren and Stead ® studied the effect of the 
accumulation of blood in the extremities on 
venous pressuie in 6 normal subjects They 
applied venous tourniquets at a pressure of 
85 mm of mercury to the thighs, producing an 
average fall of venous pressure in the external 
jugular vein of 53 mm of water and in the ante- 
cubital vein of 23 mm They explain this differ- 
ence by pointing out that veins of the arms tend 
to collapse when venous pressure is lowered and 
that further lowering of pi essure proximal to the 
collapse produces no further decrease in venous 
pi essure in the distal part of the vein In 
advanced cardiac failuie, when the venous bed 
IS alieady distended by greatly increased venous 
pressure, the veins cannot be distended much 
farther and therefore the value of application of 
tourniquets may be small Also, in the presence 
of marked edema of the extremities the high 
tissue pressure may prevent the accumulation 
of large amounts of blood in the veins 

5 Warren, J V , and Stead, E A , Jr Effect of 
tbe Accumulation of Blood in the Extremities on 
Venous Pressure in Normal Subjects, Am J M Sc 
205 501, 1943 


May ^ describes a new and simple clinical 
method of measuring venous pressure in the 
patient with cardiac disease With the subject 
111 the upright position, the veins of the under 
suiface of the tongue are observed Since the 
veins in the tongue he about 200 mm above 
the right auricle in the average patient, they 
will be collapsed with the subject erect unless 
the venous pressure is abnormally high, that is, 
greater than 200 mm , in which case distention 
or venous pulsation has been noted 

Bai tlett and Carter " advocate the routine use 
of electrocardiography and phonocardiography 
as a screening process in the detection of cardio- 
vascular disease They suggest that such meth- 
ods might be valuable as applied to large 
numbers of persons in much the same way that 
the tuberculin test and roentgen examination are 
used to separate tuberculous from nonmfected 
persons They imply that the advantages to be ^ 
gained he in the ability to examine large num- 
bers with routine methods which can be carried 
out by technicians They also imply that such 
methods will often reveal abnormalities not 
evident to a skilled observer on physical exam- 
ination 

The present day emphasis on primary value 
of mechanical aid, in auscultation especially, is 
unfortunate Not only does it overlook the fact 
that the detection of murmurs by phonocardi- 
ography often requires the proper placing and ' 
selection of microphones, but it gives a false 
sense of security in relying on these aids 
Certainly the value of electrocardiography as a 
screening process, especially for young persons, 

IS slight, and it is well known that considerable 
persistence may be required to record by 
mechanical methods auscultatory abnormalities 
obvious to trained ears 

ARRHYTHMIAS 

In the past the occurrence of auriculoventricu- 
lar block in the presence of auricular paroxysmal 
tachycardia has been considered a rather rare 
event In a comprehensive article Barker, 
Wilson, Johnston, and Wishart® review 17 pre- 
viously reported cases of this phenomenon and 
add 8 new cases They state that the abnormality 
may occur at any age in persons with organic 

6 May, A M The Tongue Sign for High Venous 
Pressure, Am Heart J 26 495, 1943 

7 Bartlett, W M , and Carter, J B Combined 
Electrocardiography, Stethography and Cardioscopy in 
the Early Diagnosis of Heart Disease, Ann Int Med 
19 271, 1943 

8 Barker, P S , Wilson, F N , Johnston, F D , 
and Wishart, S W Auricular Paroxysmal Tachy- 
cardia with Aunculoventricular Block, Am Heart J 
25 765 1943 
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heart disease or with otherwise normal hearts 
In 60 per cent of their cases the P waves were 
upright, which suggested an origin near the 
sinoauricular node They believe that auriculo- 
ventricular block is more likely to develop when 
the arrhythmia originates near the sinoauricular 
node than when its origin is near the auriculo- 
ventricular node This auricular paroxysmal 
tachycardia with auricular block is considered 
somewhat different from the common types of 
auricular paroxysmal tachycardia and bears some 
resemblance to auricular flutter in the following 
characteristics partial auriculoventncular block, 
long duration, slowing of the auricular rate with 
quimdme, conversion to auricular fibrillation in 
a few cases with large amounts of digitalis, in- 
crease in the degree of auriculoventncular block 
with pressure on the carotid sinus but rare con- 
version to normal rhythm, and lack of response 
to mecholyl It differs from flutter in that the 
auricular deflections are always separated by 
an isoelectric interval in the electrocardiogram, 
which never occurs in flutter, although esophageal 
leads may sometimes be necessary to demon- 
strate the continuous oscillation of the circus 
wave in flutter They believe that most of the 
features of this type of paroxysmal tachycardia 
can be accounted for by a circus rhythm involving 
either the sinoauricular or the auriculoventncular 
node 

In another article, which represents an exten- 
sion and elaboration of these ideas, Barker, John- 
ston and Wilson ® report a study of the electro- 
cardiograms of 100 patients with auricular par- 
oxysmal tachycardia Ten pjatients had a slight 
irregularity characterized by alternation m the 
lengths of the cycles The contours of the auric- 
ular deflections were uniform, and the authors be- 
lieve this requires that “the longer and shorter 
paths be close together throughout their courses, 
or at least in that part which lies m auricular 
muscle, which makes a major contribution to 
P deflection ” The variation observed was often 
considerable, frequently 0 05 second and often as 
great as 0 1 second They suggest that alterna- 
tion of cycle length may be accounted for if it 
IS supposed that parox} smal auricular tachy- 
cardia IS caused by a circus rhythm involving 
the sinoaui icular or the auriculoventncular node 
“There is evidence that tissues of both these 
nodes have a relatively long refractory period, 
and that conduction in the latter, at least, is 
1 elatively slow Thus a relative!} slight alterna- 
tion in the length of the path thiough one of the 
nodes could cause a considerable change in dura- 

9 Barker, P S , Johnston F D , and WiFon, 
F N Auricular Parowsmal Taclncardia witli Alter- 
nation of Cjclc Length, Am Heart J 25 799, 1943 


tion of the cycle without modifying tiie form of 
auricular deflection ” 

Barker, Wilson and Johnston in still another 
article on the mechanism of auricular paroxysmal 
tachycardia present a summary of their on n ideas 
and those of others pertaining to the physiologic 
characteristics of this mechanism They believe 
that the underlying mechanism of aunculai par- 
oxysmal tachycardia is a circus ihythm in the 
auricles, the path of which passes through one 
of the specialized auricular nodes In support 
of this belief the} list the following facts There 
IS evidence to show that the action of events 
outside the heart on the anhythinia is concen- 
tiated on the specialized auricular nodes Slow- 
ing of the auricular rate and termination of 
paroxysms are produced by vagal stimulation 
and by digitalis, and acceleration of the rate, by 
exercise As previously stated, auriculoven- 
tricular block m paroxysmal tachycardia is lare 
in cases in which there are inverted auiicular 
deflections 

Fuither support for the theoi\ of circus ihythm 
IS found in the abrupt natuie of the onset and 
teimmation of attacks, the remaikable stability 
of the late, slowing of the auricular rate and 
termination of the attacks by qumidine The 
occasional alternation in cycle length, as men- 
tioned in the previous aiticle, is another point 
in support of the theory The} mention several 
exceptions which caniiot be explained by circus 
rhythm In rare cases the rate slows gradually 
to normal instead of terminating abruptly It is 
considered that these probably are not examples 
of true auricular paroxysmal tach}cardia but 
rather represent an unusual and persistent type 
of sinus tachycardia Also, auricular deflections 
of varying form are sometimes seen in auricular 
tachycardia, which suggests different origin of 
impulses in different regions of the auricles 

Another rare t} pe of this disorder is that which 
shows an inverted P w^ave in lead I and an 
upiight P wave in leads II and III It is be- 
lieved that the form of the deflections suggests 
an origin in the upper part of the left atrium 
far fiom the nodes of specialized tissue But such 
cases are decidedly uncommon Only 2 w^ere 
encountered among 100 unselected cases studied 

Decherd, Herrmann and Schw ab collected 
40 cases of paroxysmal auiicular tach}cardia in 
w Inch there w'as aunculor entncular block Onl} 
cases in wdnch dropped \ entncular premature 

10 Barker, P S , Wilson, F N and Johnston 
F D The Mechanism oi Auricular Parowsmal 
Tachjcardia, Am Heart J 26 435, 1943 

11 Decherd, G M . Herrmann, G R and Schvah 
E H ParoK\smaI Suprai entncular Taclncardia ith 
A-V Block, Am Heart J 26 446, 1943 
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beats appeared were included A prolonged P-R 
interval alone was not considered of sufficient 
importance to warrant inclusion of the case in the 
series The cases were selected from 102 in- 
stances of supraventricular paroxysmal tachy- 
cardia of varying duration, an incidence of about 
one third The authors explain this high inci- 
dence by stating the fact that most of the records 
were obtained from patients who had been hos- 
pitalized for cardiac disease Only 2 had normal 
hearts, and, in addition, most patients had re- 
ceived digitalis and quinidine The form of the 
deflection of the P wave, which would have been 
of some interest in the light of the data presented 
in the articles just preceding, is not described 
specifically 

Cooke and White prepared a study of ven- 
tricular paroxysmal tachycardia comprising 27 
cases This article was summarized in detail in 
last year's review on “Diseases of the Heart” 
published in this journal 

Williams and Elhs report 36 cases of the 
same abnormality collected from a series of 
60,000 electrocardiograms In all but 1 case 
organic heart disease was present Toxicity due 
to digitalis was found to be the most frequent 
precipitating factor, with myocardial infarction 
next It is emphasized again that the prognosis 
m such cases is that of the underlying heart dis- 
ease The use of chest leads as a valuable aid 
in the diagnosis of ventricular tachycardia is de- 
scribed The chest electrode was placed in the 
third right interspace at the sternal border, and 
m several instances P waves which could not 
be seen in the standard leads were demonstrated 
Since the diagnosis often depends on establish- 
ing the presence of an independent auricular 
rhythm, this procedure is considered to be of 
some value, except in cases of coexisting auricular 
fibrillation or auricular standstill 

Edeiken adds 2 cases of extreme tachycardia 
with a ventricular rate of 300 or more to the 
15 cases already reported in the literature Prob- 
ably in only 1 of these cases was the abnormality 
of ventricular origin It was thought that treat- 
ment probably had little effect on the arrhythmias 
Three of the infant patients died during a 
paroxysm 

12 Cooke, W T , and White, P D Paroxysmal 
Ventricular Tachycardia, Brit Heart J 5 33, 1943 

13 Graybiel, A , and White, P D Diseases of the 
Heart A Review of Significant Contributions Made 
During 1942, Arch Int Med 71 713 (May) 1943 

14 Williams, C , and Ellis, L B Ventricular Tachy- 
cardia, Arch Int Med 71 137 (Feb) 1943 

15 Edeiken, J Extreme Tachycardia with Report 
of Non-Fatal Paroxysms Following Myocardial Infarc- 
tion, Am J M Sc 205 52, 1943 


TREATMENT OF ARRHYTHMIAS 

Sampson, Alberton and Kondo present a 
good review of the present knowledge of the 
relation of administration of digitalis to potas- 
sium balance in the heart and add some observa- 
tions of their own In experiments carried out 
on a number of patients they showed that ectopic 
beats caused by digitalis could be abolished in 
every instance by oral administration of a potas- 
sium salt (potassium acetate in a dose of 5 to 
10 Gm ) They also studied the fasting potas- 
sium level of the blood serum and showed that 
there was no relation between that quantity 
and the presence or absence of ectopic ventricular 
beats Furtheimore, m a study of the curves 
of rise and fall of serum potassium in relation 
to the oral administration of potassium acetate, 
no significant differences occurred during admin- 
istration of digitalis, even with toxic doses Also, 
in many instances the serum potassium remained 
at fasting levels for a long period before ectopic 
beats again appeared They suggested that lack 
of quantitative relationship between the serum 
potassium level and the occurrence of ectopic 
beats suggested fixation of potassium to cardiac 
muscle or alteration of the state of that muscle 
by potassium It was believed that these findings 
offered positive evidence that the disturbance of 
potassium balance in the heart muscle is related 
to administration of digitalis 

Boyd and Scherf employed intravenous in- 
jections of magnesium sulfate in the treatment 
of 11 patients with paroxysmal arrhythmia, who 
included 2 patients with ventricular tachycardia, 
8 with auricular tachycardia and 1 with auricular 
flutter Injection of a 10 per cent solution of 
the drug was beneficial in three out of eighT 
attacks, while a 20 per cent solution succeeded 
in eight out of eight attacks The auricular flutter 
was not affected As possible toxic consequences 
of the injections the authors cited increase of the 
PR interval and ventricular extrasystoles ap- 
pearing for a short time following No serious 
reactions were observed However, the authors 
hesitate to use the drug in the presence of ex- 
treme myocardial damage, serious disturbances in 
auriculoventricular conduction or gallop rhythm 

Sagall, Horn and Riseman studied the effects 
of oral and intramuscular administration of 

16 Sampson, J J , Alberton, E C , and Kondo, B 
The Effect on Man of Potassium Administration m 
Relation to Digitalis Glycosides, with Special Reference 
to Blood Serum Potassium, the Electrocardiogram and 
Ectopic Beats, Am Heart J 26 164, 1943 

17 Boyd, L J , and Scherf, D Magnesium Sulfate 
in Paroxysmal Tachycardia, Am J M Sc 206 43, 
1943 

18 Sagall, E L , Horn, C D , and Riseman, J 
E F Studies on the Action of Quimdine m Man, 
Arch Int Med 71 460 (April) 1943 
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quinidine on 16 persons, 11 of ■whom were nor- 
mal First a control electrocardiogram was 
taken, then more tracings were taken at fifteen 
minute intervals for one hour, with subsequent 
tracings during the ensuing eight to fifteen hours 
at less frequent intervals At the end of twenty- 
four hours a final record was taken A number 
of methods of giving the drug were used In 
every case the effect of the drug was evidenced 
by a prolongation of the QT interval, which 
was much more constant than the effect on the 
T wave Shortly after the administration of 
a single dose of quinidine or quinine by mouth, 
the prolongation of the QT interval became 
maximum in one-half hour to three hours, was 
maintained m slightly lesser degree for three 
to five hours and was no longer evident at the 
end of twenty-four hours From these studies 
they concluded that quinine was much less effec- 
tive than quinidine and that larger doses of the 
latter caused production of a more prolonged 
effect and were evident sooner but did not alter 
the time of maximum response The response 
to quinidine given by the pitramuscular route 
was much more prompt and the magnitude of 
effect was slightly greater but the duration varied 
little from that observed with the oral method 
They concluded that in the treatment of acute 
arrhythmias a dose should be given every two 
to two and a half hours 

In anothei article, Sturnick, Riseman and 
Sagall report on the clinical use of a soluble 
quinidine prepaiation suitable for intramuscular 
injection The mixture contains 0 15 Gm per 
cubic centimeter of quinidine, with a similar 
amount of antipyrme and 0 2 Gm of urea The 
lattei two drugs increase the solubility of the 
quinidine but have no other effect The authors 
state that a search of the literature revealed 
no pieparation of quinidine in sufficient concen- 
tration to wai rant intramuscular use , the formula 
just given was obtained from the Cinchona 
Institute 

Their clinical observations were carried out 
on persons with a representative group of cardiac 
anhythmias, including both auiicular and ven- 
liicular tachycardias From the results of their 
work the following dosage is recommended An 
initial amount of 0 45 to 0 60 Gm intramuscu- 
larly IS considered the minimal effective dose 
Rcsiionse to each dose should be observed for 
one and a half to two and a half hours If con- 

19 Sturnick, kl I , Riseman, T E F, and Sagall, 
E L Studies on the Action of Quinidine in Man 
Intramuscular Administration of a Soluble Preparation 
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version to normal rhythm does not occur, the 
initial dose, or a slightly larger one, should be 
administered This preparation is particularly 
valuable when absorption from the gastrointes- 
tinal tract IS delayed or unreliable (in the pres- 
ence of vomiting or shock) and when rapid thera- 
peutic action is desired 

This type of quinidine preparation has been 
used at the Massachusetts General Hospital since 
its introduction by Riseman Besides its use in 
the situations already mentioned, it has proved of 
value for seriously ill patients m whom arrhyth- 
mias developed after thyroidectomy 

Gefter and Leaman gave 0 5 mg of oualiain 
to 33 patients with rapid cardiac arrhythmias 
of auricular origin They concluded that it is 
an effective agent for treating these disorders 
No serious toxic effects were encountered, and 
the incidence of vomiting was low Like digitalis, 
the drug was ineffective against simple tachy- 
cardias or in the presence of severe complicating 
infection 

ELDCTROCARDIOGRAPHY 

In the past few years a schism has arisen 
among students of electrocardiography, separat- 
ing them into two well defined schools of thought,. 
The argument centers about the question of 
validity of Einthoven’s equilateral triangle hy- 
pothesis Although the routine work in clinical 
electrocardiography has not been greatly in- 
fluenced as yet by the divergence of opinion, 
the latter may be of importance in determining 
new directions eff investigation It has already 
stimulated much lively discussion 

In 1941 Wolferth, Livezey and Wood pub- 
lished the first of their series of articles attacking 
the Einthoven triangle hypothesis, particularly 
the assumptions that the body acts as a homo- 
geneous fluid conductor and that the heart func- 
tions as an electrical point with regard to each; 
of the three extremities 

In 1942 they reported further observation s- 
relating to distribution of potential over the sur- 
face of the body They found that variations 
in potential along radial lines extending roughly 
from the heart to the tip of each shoulder did 

20 Gefter, W I , and Leaman, W G The Use of 
Ouabain in Rapid Cardiac Arrhythmias, Am J Sc 
205 190, 1943 

21 Wolferth, C C , Livcrey, M M , and Wood, 
F C The Relationships of Lead I, Chest Leads from 
(he C-3, C-4, and C-5 Positions, and Certain Leads 
Made from Each Shoulder Region The Bearing of 
These Observations upon the Einthoven Equilateral 
Triangle Hypothesis and upon the Formation of Lead 
I, Am Heart J 21-215, 1941 

22 Wolferth, C C, Lnezey, M M, and Wood, 
F C Studies on the Distribution of Potential Con- 
cerned in the Formation of Electrocardiograms, ^m 
J M Sc 203 641, 1942 
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not change significantly except foi decrement as 
the distance from the heart increased These 
relationships were different from what Einthoven 
conceived them to be, in the opinion of the 
authors 

In 1943 the same authors amplified their 
observations presented m the previous articles and 
have added further experimental work bearing 
particularly on potential change below the dia- 
phragm Their position is aptly summarized in 
the following sentence 

If, as our studies seem to indicate, the patterns of 
potential variation found on limbs are each derived 
mainly Irom separate parts of the heart and are subject 
to modification, depending on electrical and anatomical 
characteristics of the tissues which form the pathways 
between the epicardium and the extremities, limb leads 
do not merit the scientific standing that they have been 
supposed to possess and there seems to be little reason 
to continue making them 

The authors believe that there are only three 
important patterns distributed over the body 
from the heart as a center, designated as the 
“C-1” pattern, found on the right side of the 
chest, the “extra-apical,” or “C-5,” pattern, 
found on the left side of the chest, and the 
“diaphragmatic” pattern, found below the heart 
and over the abdomen For routine study they 
recommend chest leads C-1 to C-6 paired with 
an indifferent electrode placed at the right 
scapula, which shows, in their estimation, mini- 
mal potential variation The area below the 
diaphragm has not been well explored as yet 
and IS suggested as a field for further investi- 
gation ® 

It is suggested that elimination of much of 
the confusion that now exists in clinical electro- 
cardiography could be effected by dispensing 
with the limb leads 

The other school of thought, represented by 
Wilson and his co-workers, uses the Einthoven 
triangle hypothesis as a working basis for its 
theories of electrocardiography While those who 
belong to this school admit that Einthoven’s 
hypothesis may not be entirely valid, they believe 
that for most purposes of clinical electrocar- 
diograph} and for theoretic concept the assump- 
tions are adequate 

Those who support this approach to the sub- 
ject have used vector analysis in an ingenious 
fashion to explain the variations m potential 
found m the electrocardiogram, and in their work 

23 Wolferth, C C, Livezey, M M, and Wood, 
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the findings m the hmb leads are given great 
importance 

Bayley^® has written a comprehensive sum- 
mary of the application of electrocardiographic 
theory to the interpretation of electrocardio- 
grams While his approach involves the use of 
higher mathematics, he has introduced a method 
of geometric visualization useful to those who are 
not familiar with advanced mathematics He 
states that “the well established laws which define 
the flow of electric currents in homogeneous 
volume conductors are applicable to the inter- 
pretation of the electrical effects produced by 
the heart beat with sufficient accuracy to be of 
great clinical usefulness The uniformly accurate 
diagnostic results obtained, particularly in the 
problem of local myocardial ischemia and in- 
farction, appear to completely justify the adop- 
tion by Wilson et al of certain well established 
physical laws for the interpretation of clinical 
effects produced by the heart beat ” 

One of the chief objections held by those who 
doubt the validity of Einthoven’s hypothesis is 
diiected against the assumption that the heart 
IS immersed m a homogeneous electrical me- 
dium The answering argument maintains that 
this is so for practical purposes, at least, although 
lung, mediastinal tissue, etc, may not constitute 
a homogeneous medium in the absolute sense 

Kaufman and Johnston -® have attempted phys- 
ical measurements m living tissue m order to 
answer this question more specifically The 
article begins with a technical description of 
development, properties and use of simple elec- 
trode systems employed to measure the specific 
resistance of living tissue m situ Measurements * 
were made on muscle, normal inflated lung and 
liver of anesthetized dogs, and it was found that 
these tissues have specific resistance in the same 
order of magnitude Measurement of the resis- 
tance of cardiac muscle during diastole was 
found to be difficult when the heart was beating 
rapidly but was approximately one third that ~ 
of lung, muscle and liver tissue and about the 
same as that of blood 

In the words of the authors, “these measures 
establish experimentally the validity of ‘the as- 
sumption that the errors in theoretical studies 
of the form of the electrocardiogram made by 
considering the tissues which surround the heart 

25 Bayley, R H On Certain Applications of Jdod- 
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uniform with respect to then specific resistivity, 
are of no piactical impoitance” 

In 1934 Wilson, Macleod, Barkei and John- 
ston “ ' inti oduced the concept of ventricular 
gradient as a new method foi anal} sis of the 
electi ocai diogram The areas of deflections of 
the QRS complex neie used to deteimine the 
mean electi ical axis of QRS, and the aieas of 
deflections of the T wave wei e used to detei mine 
the mean electrical axis of T m the same manner 
that the amplitude of deflection of QRS is 
ordinarily used to determine the electi ical axis 
of QRS, based on the hypothesis of Einthoveii’s 
eqvnl'a.tera.l tr\a.ngle E} adding algehraica.lly the 
area of QRS and the aiea of T and proceeding 
in the same fashion it is possible to calculate the 
direction and magnitude of the manifest area of 
QRS-T This quantit} is a vector, having both 
direction and magnitude, to which the name 
"ventnculai gradient” was given by Wilson 
and his associates In their opinion the area 
of QRS-T IS a measure of the electrical effects 
produced by local variations in the excitatory 
process, while its mean electrical axis gives the 
direction of the line along which the local varia- 
tions are greatest 

Ashman, Byei and Bayley offer a clear ex- 
position of the concept of ventricular gradient, 
using simple examples They point out that the 
magnitude and direction of ventricular gradient in 
conjunction with the QRS vector are an ex- 
pression of the size and diiection of the T wave 
A change in the gradient reveals a change in the 
state of the muscle Some changes in the T wave 
however, such as those m bundle bianch block, 
are directly related to change in QRS 

In a companion article they studied several 
of the factors, including change m heait rate 
and posture, which affect Wilson's ventricular 
gradient and manifest magnitudes of the mean 
QRS axis The study implies that changes in 
the T wave can be evaluated properly only when 
considered in relation to the magnitude and 
directions of the mean QRS and QRS-T aiea 
The present chaotic state in electrocardio- 
graphic criteria is discussed, and the authors 

27 Wilson, F N , Macleod, A G , Barker, P S , 
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believe that this method of analysis may prove 
to be a more constant and accurate gage of myo- 
cardial change At the same time, they do not 
assert that directions of vectors as given neces- 
sarily represent their true direction in three- 
dimensional space Vectoi analysis is considered 
to be of fundamental importance in the solution 
of electi ocardiogi aphic pi oblerhs 

Furthei studies of the normal human ven- 
tiicular gradient were carried out by Ashman, 
Gardberg and Byer,®° extending the attempt to 
set up normal criteria for electrocai diography 
Using roentgenograms to define the anatomic axis 
of the heatt, they went on to study the relation- 
ship between this entity and the electrical axes 
(QRS axis and ventricular gradient) A de- 
vice equipped with a source of light and models 
of the heart was utilized , the model was projected 
on a chart Admittedly much more work must 
be done before the limits are fixed, but tentative 
figures have been obtained from this study The 
details of these investigations do not lend them- 
selves to a brief review 

Ashman studied the relationship between 
the magnitudes of the manifest mean areas of 
the QRS complex, the ventricular gradient and 
deviations of the RS-T segment He believes 
that one type of deviation of the RS-T segment 
IS a normal physiologic phenomenon related to 
these magnitudes The second type is related 
to abatement or reversal in the direction of flow 
of a current of injury or to intramuscular block- 
ing of a wave of excitation oi to a combination 
of both factors, as in recent myocardial infarc- 
tion or acute pericarditis 

In the analysis the concept that a diphasic 
ventricular complex of the electrocardiogram is 
produced by the summation of two monophasic 
curves was used with full realization of the limita- 
tions of the method It was shown that the 
deviations of the RS-T segment observed in 
human electrocardiograms agreed with the the- 
oretic expectations It is held that the present 
terminolog}'- for deviation of the RS-T segment 
is unsatisfactory, because it fads to take into 
account the two entirely different mechanisms 
of production of the segment It is suggested 
that deviations of the type described in the 
article be called ‘Tepolarization or regression 
deviations,” but those produced by injury or 
muscle depression and bloclcing be called “injury 

30 Ashman, R , Gardberg, M, and Byer, E ‘ The 
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deviations,” and that characteristic slight devia- 
tions due to the presence of a large ventricular 
gradient be called “gradient deviations ” 

Gardbeig and Ashman®- present in graphic 
fashion, illustrated by models, a way in which 
vector analysis based on Emthoven’s triangle, 
plus a knowledge ot the sequence of activation 
of parts of the heart, can explain the production 
of the QRS complex 

They also present explanations of the varia- 
tions in the QRS complex which should appear 
when the heart is rotated to diffeient positions 
within the thorax In making the analysis they 
have con elated findings m the experimental ani- 
mal, known effects of rotation of the heait in 
man produced by normal procedures or certain 
pathologic conditions, known effects of bundle 
branch block oi infarction, and information de- 
rived from studies of precoidial leads 

Viscidi and Geiger®® criticize the cuirent cri- 
teria of normality for the electrocaidiogram and 
report a study of the electrocai diograms of 500 
apparently healthy young working adults One 
half of the records m the study fell outside the 
range of normal as defined liy the criteria of 
normality foi the American Heart Association®* 
Borderline and abnormal electrocardiograms 
were then reinvestigated, and only 14 presented 
either definite or probable abnormalities 

Gubner and Ungerleider ®^ suggest specific 
electrocardiographic criteria foi the diagnosis of 
h)'-pertrophy of the left ventricle This project 
was undertaken as part of a study of hyperten- 
sion, and the material comprised three groups 
In the first were 460 applicants for insurance 
whose electrocardiograms showed deviation of 
the axis to the left and who had blood pressures 
below 140 systolic and 90 diastolic, with no record 
or finding of cardiac impairment In the second 
group were 380 applicants with hypertension and 
deviation of the axis to the left, whose blood 
pressure was above 140 systolic and 90 diastolic 
The third group was made up of 100 subjects 
with advanced hypei tensive heart disease and 
deviation of the axis to ffie left m whom it may 
be assumed that left vent icular hypertrophy was 
present Five combinations of R and S waves 
in the standard limb leads were investigated 
The combination of R^ and S3 was found to 
be most efficient Results of the study are sum- 
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manzed Hypertrophy of the left ventricle may 
be considered to be present when deviation of 
the axis to the left occuis in association with 
any of the following conditions (1) increase 
in amplitude of the QRS complex when the sum^ 
of R m lead I and S in lead HI is over 2 5 
millivolts (hypertrophy is probably present if 
this sum exceeds 2 2 and is suggested when it 
exceeds 2) , (2) depression of the ST segment in 
lead I of any perceptible degree, even as slight 
as 0 5 mm , (3) flattening of the T wave below 
1 mm in amplitude or further degrees of abnor- 
mality of the T wave in lead I 

Increase m amplitude of QRS as described is 
considered more specific than changes in the 
ST segment or in the T Avave The authors 
suggest that the mciease in QRS complexes 
was due to an increase in muscle mass, while 
the changes in the ST segment and in the T 
wave resulted from relative ischemia of the sub-, 
endocardial muscle That region is particularly 
vulnerable because of mtramyocardial pressure 
gradient duimg contraction 

Hurwitz, Langendorf and Katz ®® analyzed the 
electrocardiograms from 369 cases of myocardial 
infarction with especial reference to the details 
of the QRS pattern, 111 the hope that it might 
be of use in differential diagnosis of myocardial 
infarction in the future The most significant 
findings were related to the QRS patterns re- 
vealed by the limb lead in cases of infarction of 
the anterior wall Of special interest was the 
apparent relative unimportance of the Q^, T^ 
pattern, which ivas present in only 25 per cent 
of the cases of anterior infarction In 32 per 
cent there was a deep S,, S3 pattern, Avith over _ 
one half of these shoiving a loiv QRSj In the 
other half of the 32 per cent QRS was normal 
in size A low QRS^ was present in 37 per cent 
of the cases On the other hand, in 90 per cent , 
of the 141 cases of infarction of the posterior 
wall there was a Q3 or a Qo, Qg pattern 

As far as appraisal of old infarction is con- 
cerned, the So, S3 pattern must be differentiated' 
from the picture of left ventricular strain pro- 
duced by hypertension or valvular heart disease 
This IS not always possible, but the finding of 
a low^ QRSi makes the differentiation easy 
When QRSi is of normal size, the chest leads 
may be helpful 

Another pattern of interest is that of the in- 
veited QRSi with upright QRS3 This may 
be differentiated from the picture produced by 
right ventricular strain with the help of T wave ^ 
and chest lead patterns 

35 Hurwitz, M M , Langendorf, R, and Katz, 
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Dressier reports an electi ocai diographic pat- 
tern of value in the diagnosis of myocardial in- 
farction The significant changes in anterioi "wall 
infarction, such as elevation of the ST segment 
and inversion of the T wave in lead I, are well 
known In some instances of infarction of the 
anterior wall these signs aie pooily developed 
or occur rather late Instead of sharp inveision 
there is sometimes but slight flattening of the 
T wave, which remains upright or becomes iso- 
electric In such cases the leciprocal alterations 
m lead HI are often marked Evidence from 
his own obseivations and from reports in the 
literatuie indicates that the electrocardiographic 
pattern in which Tg is gi eater than Tj is m the 
great majority of cases equivalent to the anterior 
type of myocardial infarction This is especial^ 
true in the cases of oldei persons who have a his- 
tory of angina pectoris 

Other factors may occasionally cause reversal 
of the normal relationship of T^ to Tg (T^ 
greater than Tg) A vertical position of the 
heart in the absence of heart disease, pulmonary 
emphysema, occasionally rheumatic heait dis- 
ease, and rarely congenital heart disease, thyro- 
toxicosis, anemia, vitamin deficienc}^ uremia and 
trichinosis may pioduce the pattern Dressier 
reports 45 cases m which a diagnosis of recent 
or old myocardial infarction could be made on 
a basis of clinical and laboratoiy data In the 
remaining 25 per cent there was definite evi- 
dence of coronary heart disease 

Currens and Barnes studied the autops)^ 
observations in cases of pulmonary embolism 
with especial reference to the electrocardiograms 
Their paper contains an excellent summaiy of the 
factors which influence coronary blood flow in 
pulmonary embolism An attempt is made to 
correlate these factors with the electrocardio- 
graphic pattern They discuss coronary reflex 
effects, fall of arterial pressure, increase in the 
heart rate, increase in right ventricular piessure 
produced by obstruction in the pulmonary circuit 
(which in turn produces a rise in auricular 
pressuie and in pressure in the coronary sinus) 
and interference with the coronary venous retui n 
to the right ventricle through the thebesian veins 
The last two effects are of primary impoitance 
in altering the flow of blood through the coionary 
system 

As fai as the electi ocardiographic picture was 
■ concei ned, the authors did not attempt to divide 

36 Dressier, W Myocardial Infarction Indicated 
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their tracings into definite groups In some of 
the cases there were no electrocardiograms 
Thirty cases in which autopsy was done are 
reported There was evidence of acute myo- 
cardial infarction in 5 of these One of the 5 
patients had a fiesh coronal y thrombosis, but 
the other 4 had none 

In conclusion they state 

The cause for electrocardiographic changes in pul- 
monary embolism is considered, and strain on the right 
ventricle appears to be the determinant factor The 
presence of a pulmonocoronary reflex following pul- 
monary embolism is difficult to prove It seems likely 
that compromise m the coronary circulation is best 
explained by shock and an increase in pressure in the 
right side of the heart Decrease m blood flow to the 
right ventricle from a decrease in arterial pressure 
gradient, plus an increase in the work of the right 
ventricle, may account for the occasional association 
of angina pectoris with pulmonary embolism Evidence 
IS presented to suggest that asphyxia does not appre- 
ciably affect the electrocardiogram in pulmonary 
embolism 

The importance of using chest leads m the 
diagnosis of pulmonary embolism is emphasized 
Inversion of the T wave in lead CF-2 may be 
obtained when other leads, including the limb 
leads, are not diagnostic Chest leads aie of 
utmost importance to differentiate pulmonary 
embolism from posteiior myocardial infarction 

In this connection it is of interest to refer 
to the article of Ashman, Byer and Bay ley 
already discussed They believe that clockwise 
lotation of the heart around its longitudinal axis 
as a result of distention of the right side is re- 
sponsible for the Si, Qg abnormalities Similar 
patterns are occasionally seen m normal hearts 
as a result of such rotation, although of course 
the changes m the T wave aie lacking 

Murnaghan, McGinn and White report fur- 
ther studies on the electrocardiogram m cases 
of pulmonary embolism They present 10 new 
cases of acute cor pulmonale with classic changes 
(1) presence of, or tendency toward, deviation 
of the axis to the right, with a prominent S wave 
in lead I ( ST segment may be slightly depressed 
in this lead) , (2) depressed ST take-off in lead 
II followed by a rising ST segment and a low 
upright or diphasic T wave, (3) model ately 
deep Q wave, slight convexity of the ST seg- 
ment and an inverted T wave in lead III , (4) 
a diphasic or more often an inverted T wave in 
lead IV 

Electrocardiographic changes in an additional 
series of 92 cases of pulmonary embolism are 
leviewed Coexistent heart disease occuried in 

38 Murnaghan, D , McGinn, S , and White P D 
Pulmonary Embolism With and Without Acute Cor 
Pulmonale, with Especial Reference to the Electrocar- 
diogram, Am Heart J 25 573, 1943 



486 


ARCHlVi^S or INTERNAL MEDICINE 


69 In 29 symptoms of shock predominated 
In 63 signs of pulmonary embolism without shock 
or collapse were present Electi ocai diographic 
changes considered indicative of acute cor pul- 
monale were present in 16 cases of the former 
group and in 17 of the lattei In other words, 
the electrocardiogram gave indication of some 
degree of acute cor pulmonale in a little more 
than one half of the cases when shock predom- 
inated, m a little less than one quarter of the 
group without shock and m about one third of 
the entire series, including those cases in which 
the patients had had abnormal electrocardiograms 
as a result of heart disease 

The authors again emphasize the importance 
of pulmonary embolism, especially as a complica- 
tion of acute or chronic illness of a medical 
nature Because of the existing confusion in 
the literature as to the exact place of the electro- 
cardiogram in the diagnosis of pulmonar}'' em- 
bolism, the aim of this papei is to clarify the 
situation by pointing out that the changes maj'’ be 
pathognomonic in the minoiity of cases, that 
nondiagnostic changes may occur, as m the case 
of myocardial ischemia, particularly m the pres- 
ence of preexisting heait disease, and, lastly, 
that in many cases of pulmonary embolism one 
should not expect to find any electrocardiographic 
changes at all It is emphasized again that the 
terms pulmonary embolism and acute cor pul- 
monale are not synonymous The lattei occurs 
only in the presence of a high degree of obstruc- 
tion (thought to be at least 50 per cent) of the 
pulmonary circuit 

The authors are in agreement with Wood,"'' 
who pointed out the impoitance of taking chest 
leads over the light side of the heait in making 
the diagnosis of pulmonary embolism (Since 
the publication of the paper by Murnaghan and 
his associates the taking of multiple chest leads 
in suspected cases of pulmonary embolism has 
become routine m the cardiac laboratory at the 
Massachusetts General Hospital ) 

Two cases illustrating the clinical course ot 
potassium poisoning m human beings, with char- 
acteristic electi ocardiographic changes, are le- 
ported by Finch and Marchand In each case 
there was an acute uremia with oliguria as the 
undei lying cause and therapeutic administration 
of potassium salts as a complication Clinical 
manifestations include lecuirent nausea and 
retching, episodes of bradycaidia unaccompanied 
by s)unptoms of cardiac failuie oi changes m 

39 Wood, P Pulmonary Embolism Diagnosis by 
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blood piessure and a sudden ascending flaccid 
quadriplegia without paralysis of the trunk or 
distui bailees of speech or mental function 

The electi ocai diographic changes include eleva-// 
tion of T weaves, absence of P waves, mtra- ' 
lentricular block and terminal ii regularity of the 
ihythm Ariest of the heart in diastole prior to 
cessation of respiration was observed These 
findings extended the observations of Winkler, 
Hoff and Smith, who several years ago defined 
the electrocardiographic diagnosis of potassium 
poisoning in man 

Keith, King and Osterberg,^^ in discussing 
potassium levels in severe renal insufficiency, 
include an electrocardiogram which shows all of 
the changes just described 

Brown, Currens and Marchand^® report 3 
interesting cases of muscular paralysis occurring 
in association with chionic nephritis and having 
the charactei istics of the disability seen in familial ( 
periodic paralysis In these cases it was con- 
sidered that the paralysis resulted from excessive 
loss of potassium by the body Electrocardi- 
ogi aphic changes were similar to those observed 
in pel iodic paialysis and in depletion of serum 
potassium fiom other causes In all 3 instances 
the T weaves in the electrocardiogram weie low 
and returned to normal with subsidence of the 
paralysis Depiessed ST segments weie also 
observed, and in one case there was a disturbance 
of aunculoventncular conduction with Wencke- 
bach periods 

Mazer and Reisinger contribute a study per- 
taining to changes in the Q wave in the electro- 
cardiogram The electrocaidiogi aphic records of 
102 hospitalized patients showing a Q wave in 
lead HI w'^ere analyzed In evei}'^ instance the 
Q w^ave m lead HI wms at least 25 pei cent of the 
highest R w^ave m the limb leads In this group 
of patients 18 6 pei cent had no heart disease ^ 
More severe criteria weie then applied, and it 
wms discoveied that fewer normal persons satis- 
fied them Among the persons wdiose records 
showed Qa equal to 100 pei cent or more of the -< 
highest R wmve, only 42 per cent of the patients 

41 Winkler, A W , Hoff, H E , and Smith, P K 
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with 01 game heait disease satisfied the ciiteiia, 
but It IS of interest that 16 pei cent of the noimal 
subjects weie included Although mci easing the 
seventy of the ciiteria resulted in elimination of 
moie noimal subjects, some were still included 
Thus it does not appeal that such ciiteria aie of 
great value in assessing the condition in an indi- 
iidual case It also seems possible that some 
of the waves designated 0 were actually QS 
deflections 

The effects of digitalis on the electrocaidi- 
ogiam uere studied by Bearing, Baines and 
Essex as pait of an investigation to deteimine 
the toxic effect of various preparations of 
digitalis on the myocai drum With therapeutic 
doses the changes were minoi, consisting of 
decrease oi increase of the height of the T w'ave 
in one or more leads or a change in the direction 
of Tg None of the abnormalities described 
could be considered a reliable index to the pres- 
ence of a calculated amount of therapeutic 
digitalis It w^as also concluded that the change 
in lieart rate was an unreliable guide 

With toxic doses abnormalities in addition to 
those just mentioned were seen These con- 
sisted of depression of the RS-T segment in one 
or more leads, a plus-minus change m the RS-T 
segment, elevation of the RS-T segment (plateau 
type) in one or more leads, cove-plane negative 
Tg and Tg wnth positive Tj, and positive To 
and Tg The last four anomalies described were 
associated with definite microscopic myocardial 
lesions Ho\vever, two animals with myocaidial 
lesions failed to show significant changes in their 
daily electrocardiograms 

Thompson reports a study of the electro- 
cardiographic changes in 25 patients with the 
hyperventilation syndrome Abnormalities con- 
sisted chiefly of late inversion of the T wave oi 
of depression of the ST segment with marked 
lowering of the T wave Any oi all leads may be 
involved In only 1 case was there a change in 
the QRS complex, and this was observed in lead 
4-F Neither the degree of alkaline shift noi the 
extent of lowering of the carbon dioxide-coni- 
bining power appeared to be the sole factor in 
determining the kind oi magnitude of changes 
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in ST and T, nor did these changes necessarily 
depend on changes in the heart rate 

Since severe precoidial pain may be included 
in the syndrome, recognition of these marked 
electi ocai diographic abnormalities is impoitant, 
lest they be attributed to infarction of the heart 

Ever since the syndrome of bundle branch 
block associated with short PR interval was 
described by Wolff, Parkinson and White,‘‘® a 
number of theories have been advanced to 
explain the findings One of the most popular 
has assumed the existence of an accessory bundle 
of conducting tissue (Bundle of Kent) con- 
necting the auricle with the ventricular cavity 
W ood, W olf erth and Geckeler pi esent etiologic 
proof of an accessory musculai connection 
between auricles and ventricles found at autopsy 
in a patient with the characteristic Wolff, Park- 
inson and White syndrome 

Serial histologic sections of a portion of the 
auriculoventricular groove showed three mus- 
cular connections at the right lateral border of 
the heart between the light auricle and the right 
ventricle It was concluded that this furnished 
fui ther support for the hypothesis of an accessory 
pathway of aunculoventi iculai conduction as an 
explanation for the anomaly Adequate control 
studies are still lacking, however 

Fox, Tiavell and Molofsky °° report a case in 
which prolongation of the QRS interval was 
produced repeatedly by digitalis in a patient 
whose electi ocai diogi ams taken during the 
digitalis effect showed a short PR interval with 
a QRS of characteristic configuration The 
QRS interval measured only 0 09 second in the 
absence of digitalis The prolongation was 
abolished by atropine It is stated that the 
results of this study are in harmony with the 
hypothesis favoring an aberrant conduction 
mechanism The widening of QRS was thought 
to be the result of depression of the auriculo- 
ventncular node, producing increased activity of 
the aberrant ventricular conduction tissue, rather 
than of an action of digitalis on intiaventiicular 
conduction 
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Phang and White leport studies on the QT 
interval in cardiac enlargement A significant 
relative pi elongation of the QT interval was 
found in the majority of cases of cardiac enlarge- 
ment without concomitant congestive failure It 
was found that congestive heart failure pioduced 
a still gieatei prolongation The QT interval 
showed a lelative shoitening aftei recovery fiom 
failure, while the patients weie still undei the 
influence of digitalis It was concluded that 
cardiac enlargement was one of the factors 
lesponsible foi prolongation of the QT mteival, 
because of the longer pathways of impulse con- 
duction and the greater bulk of conti acting 
muscle Thus digitalis may affect the duration 
of systole chiefly by inci easing the heait tone, 
which m turn brings about a decrease m its size 

ROENTGENOLOGY 

Meneses Hoyos and Quesada studied the 
cai dioA^ascular roentgen silhouette in normal 
cadavers by injecting a 50 pei cent solution of 
sodium iodide into laige vessels and heait 
chambers Roentgenograms weie then taken m 
the posteioanterioi, right anterioi oblique and 
left anterior oblique positions Of special intei- 
est \\ere their findings conceimng the com- 
position of the left side of the cardiac outline, in 
view of the past controversy over that point 
They concluded that the left side of the outline 
is made up from above doAvnward of (1) a 
straight segment con esponding to the left carotid 
and left subclavian arteries, (2) a middle arch 
composed of the left division of the pulmonary 
artei}' in its upper portion, the mam pulmonary 
arteiy m its middle poition and the left auiicle 
in Its lower poition and (3) the mam segment, 
made up of the left ventricle 

Sussman, Grishman and Stembeig®^ used 
intravenous injection of 70 per cent diodiast to 
study the problem of right-sided enlargement of 
the heart Serial roentgenograms weie taken 
to determine the outline of the great vessels and 
heart chambers as visualized by the diodiast 
It was their purpose to reexamine the older 
ciiteiia for right ventnculai enlaigement, set 
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forth by Kirch and summarized by Schwedel 
In their analysis of cases of emphysema sev- 
eral persons with normal cardiac configurations 
by the usual method showed marked right 
ventiicular dilatation when the right ventricle 
was outlined with the contrast medium It was 
shown that the intraventricular septum bulged 
to the left and the right ventricular apex was 
widened, neither of which patterns is evident in 
an oidmaiy roentgenogram It was of interest 
that a bulging right anterior curve in the left 
oblique position, supposedly a sign of right 
ventricular enlaigement by the old criteria, was 
encountered only exceptionally 

Angiocardiography m cases of mitral stenosis 
levealed that the prominent middle left segment 
seen in the posteroanterior view consisted of the 
dilated left auricular appendage or atrium in 
most cases Thus prominence of the middle seg- 
ment is not a direct indication of right ventricular 
enlargement They found also that the pulmo- 
nary arteiy is not significantly dilated in mitral 
stenosis but that enlargement of the left auricle 
may produce elevation of the pulmonary valve 
and elongation with anterior and cephalad dis- 
placement of the pulmonary artery 

In cor pulmonale great dilatation and tortu- 
osity of the pulmonary artery produced a bulge 
of the middle left cardiac segment In contrast 
to the statement found in the old criteria that the 
outflow tract of the right ventiicle contributes 
to this prominence, it w^as shown that the pulmo- 
naiy conus actually did not contribute to the left 
cardiac contour, although dilatation of the right 
ventncle produced elevation of the pulmonary 
artery and contributed to its tortuosity The 
authors pointed out that enlargement of the heart 
to the light with bulging of the right anterior 
contour in the absence of left ventricular enlarge- 
ment indicates dilatation of the right auricle in 
addition to right ventricular involvement This 
IS said to be of grave piognostic significance 
because of its usual occurrence in the presence ot 
heart failure 

CONGENITAL HEART DISEASE 

Keys and Shapiro,®^ faced with the problem 
of setting up cnteiia foi surgical inteivention 
in cases of patent ductus arteriosus, were stimu- 
lated to further investigation into the histor}’’ 
of the untreated disorder It is a common clin- 
ical impression that the congenital anomaly of 
patency of the ductus arteiiosus is a compara- 
tively innocuous lesion In order to determine 
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what happens to the older persons with this dis- 
ability, they analyzed 67 autopsy records from 
the world literature and from 4 cases of their 
own In over 40 pei cent of the cases subacute 
bacteiial endarteritis was the cause of death 
Twenty-eight per cent of the patients died of 
congestive failure, and in 2 cases rupture of a 
pulmonary aneurysm was the final event After 
the age of 17 years patency of the ductus 
arteriosus was associated with an average reduc- 
tion of life expectancy of about twenty-five years 
From this extensive sui vey it was concluded that 
“the great majority of patients with this defect 
suffer no serious disability or lestriction of 
activity during most of their life, but their life 
expectation is greatly shortened by continued 
piesence of the defect ” 

In another report the same authors ““ inves- 
tigated the results of 140 operations submitted 
by surgeons experienced m the technic It was 
shown that the over-all mortality was less than 
10 per cent and that in the presence of subacute 
bacterial endarteritis ligation offers an even 
chance of survival It is their opinion that the 
majority of patients should have ligation per- 
formed after caieful clinical study, although the 
danger of development of subacute bacterial 
endocarditis after successful ligation cannot be 
properly evaluated as yet The question of 
operation in cases of subacute bacterial endar- 
teritis IS discussed in another section 

Another factor to be considered when one is 
contemplating an opeiation on an older patient 
IS the greater technical difficulty frequently en- 
countered as a result of shortening of the ductus 
And in any case there still remains a definite 
operative risk that must be considered m the case 
of a person who at the time of opeiation may be 
m good health 

Araya and White®" were mteiested m the 
possibility of a relationship between prematurity 
of birth and congenital cai diovascular defects 
Autopsy protocols of prematurely born babies 
were examined, and only 3 cases (2 2 per cent) 
of congenital malformation were encountered m 
a series of 139 autopsies The incidence of con- 
genital heart disease m relation to prematurity 
of birth was also investigated Of 148 patients 
whose birth weights were normal, 17 weighed 
less than 2,500 Gm at birth (114 per cent) 
In 172 cases 111 wdiich the duration of pregnancy 
was ascertained, 17 infants were born pre- 
maturely (9 8 per cent) Thus m cases of con- 
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genital heait disease the incidence of prematurity 
of birth was twice that m deliveries of infants 
with normal heaits However, only 1 patient 
out of 19 with patency of the ductus arteriosus, 
which IS 111 reality a postnatal development, 
weighed less than 2,500 Gm at birth 

BACTERIAL ENDOCARDITIS 

Although there are reports of cures m isolated 
cases of subacute bacterial endocarditis following 
the use of sulfonamide compounds, with or with- 
out adjuvants, this method of therapy on the 
whole continues to be disappointing 

Lichtman submits a comprehensive report 
on a total of 704 cases, including 98 of his own 
and 606 from the literature The average inci- 
dence of recovery was 5 5 per cent The com- 
bination of fever treatment with chemotherapy 
appeared to offer the best possibilities 

There has been great interest in the possibility 
that penicillin might prove effective m the treat- 
ment of this largely fatal disorder The com- 
mission appointed by the National Research 
Council on penicillin has submitted a prelim- 
inary unfavorable report Further studies with 
larger doses are m progress and the results are 
much more promising, but the duration of the 
follow-up IS far too short for any adequate 
appraisal 

Loewe, Rosenblatt, Greene and Russell re- 
port on a series of 7 consecutive patients appar- 
ently treated successfully with a combination of 
penicillin and heparin Six patients had under- 
lying chronic rheumatic valvular disease, while 
the other had a congenital cardiac lesion Strep- 
tococcus viridans w^as the infecting organism m 
5, hemolytic strepticocci in 1 and pneumococci 
m 1 The daily dose of penicillin varied from 
40,000 to 200,000 Florey units The dose of 
heparin avei aged about 200 mg daily when given 
intravenously and 300 mg every second day 
when given subcutaneously The results indi- 
cated successful sterilization of the blood and 
relief of clinical manifestations, although ad- 
mittedly further observations will be required 
before these patients can be pronounced cured 
In no case was the total elapsed time since 
the beginning of treatment more than one year 
on the date of publication 
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The efficacy of ligation of the patent ductus 
aiteriosus in the tieatment of subacute bacterial 
endaiteritis complicating that condition is dis- 
cussed by Tom oft He reports on a senes 
of 11 patients subjected to operation aftei the 
complication of subacute bacterial endarteritis 
had set m Two died from complications of 
operation, and 6 of the 9 survivors recovered 
without the benefit of chemotherapy The 3 re- 
maining patients did not recovei, m spite of 
chemotherapy Theie was no evidence of pre- 
opeiative spiead of the infection to the caidiac 
valves or the aoita in any of the 6 who lecovered 
On the othei hand, there was evidence of val- 
vulai involvement pi eoperativel}- in 3 of those 
who did not lecover The thud was assumed 
to have had vegetations at the aortic end of the 
ductus These obseivations suggest that opera- 
tion should be undertaken as soon as a diagnosis 
of subacute bacterial endarteiitis is established 
In the present state of development of medical 
therapy, it may be dangerous to submit the 
patient to a therapeutic trial of di ugs before sur- 
gical intervention is attempted 

RHEUMATIC HEART DISEASE 

Koletsky presents an interesting obseivation 
1 elated to the problem of bacterial infection of a 
bicuspid aoitic vaHe Congenital heart disease 
has generally been assigned an important lole 
among the underlying factors concerned with the 
development of bacteiial endocarditis Bicuspid 
aortic valve is one of the congenital lesions, along 
with patent ductus arteriosus and patent inter- 
ventriculai septal defect, which has generally 
been considered important in this connection 
In Koletsky’s study 50 adult heai ts with bicuspid 
aortic valve weie carefully examined at autopsy, 
8 of these showed superimposed bacterial endo- 
caiditis In every specimen of the latter group 
superimposed bacterial endocaiditis involved the 
bicuspid valves However, gross changes indica- 
tive of rheumatic valvular disease were present 
on the aortic valves in each instance, including 
1 in which a congenital bicuspid lesion was com- 
plicated by the rheumatic changes Of the total 
of 50 cases of this congenital abnormality, in 
40 the disease was acquiied and in 10 it was 
congenital He concluded that most bicuspid 
aortic valves in adults are acquired lesions, pro- 
duced by rheumatic fever It is the latter, in 
his opinion, rather than the bicuspid state, which 
IS of importance in the development of bacterial 
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endocarditis The article contains a good sum- 
maiy of contnbutions in the literature bearing 
on the question of bicuspid valves Criteiia foi 
differentiation are given 

Further evidence is accumulating to show that 
reel udescence of rheumatic fever may be pie- 
vented by the use of sulfonamide drugs This 
was well demonstrated in the work of Kuttner 
and Reyersbach,®® leviewed m last year’s sum- 
maiy of articles on diseases of the heait^® 

Messelhoff and Robbins used sulfanilamide 
in daily doses of 20 grains (12 Gm ) given 
to 25 ambulatory iheumatic childien Thirty 
rheumatic children were used as controls The 
patients in the group receiving treatment were 
obseived over two periods of eight months, ex- 
tending from September to May, and there were 
1 lecrudescence of rheumatic fever and 2 deaths, 
1 from congestive heart failuie and 1 from sub- 
acute bacteiial endocarditis In the nontreated 
gioup 1 patient died from congestive failure and 
there was one recrudescence of rheumatic fever 
Fiom this short senes it was not possible to 
conclude that sulfonamide diugs aie especialh 
effective in preventing recurrence of rheumatic 
fevei 

How'ever, the results presented in another 
leport made m 1942 by Hansen, Platou and 
Dwan ai e in agreement wuth the findings of 
Kuttnei and Reyersbach The consensus among 
wmi leers in the field is that the method offers 
definite piomise 

Cobuin reports his expeiiences wuth salicyl- 
ate therapy in rheumatic fever It is his belief 
that the inflammatory reactions of the disease 
can be suppressed by salicylate therapy, with 
1 esultant inhibition of pathologic change in valves 
and myocardium The factor of iheumatic infec- 
tion is apparently not modified by therapy A 
simple method for the determination of the sahcyl 
ladical IS described, providing moie effective 
therapeutic control through measurement of blood 
levels of the drug The intiavenous use of 
sodium salicylate is advocated in the first stages 
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of active rheumatic infection Fuithei evaluation 
IS needed, and the possibility of seveie toxic leac- 
tions must be kept in mind The diug may have 
a piofound eftect on body metabolism in laiger 
doses 

HYPERTENSION 

Investigation of the pioblem of hypertension 
by the expeiimental appioach, with especial ref- 
eience to a humoral mechanism of renal oiigin, 
continues to need follow'-up It is impossible to 
attempt a compiehensive review^ of this complex 
subject in a biief article 

Page and co-wmi leers have published a piog- 
less lepoit of the expeiimental tieatment of 
hypei tension with renal extracts, in wdiich the 
concept that renal ischemia is not essential to 
the production of hjpertension is leiteialed 
Reduction of leiial pulse piessme is thought to be 
a more essential mechanism Improvement in 
the qualit}’’ of renal extracts has been achieved, 
in that reactions have been reduced, but as )'et 
the yield of active substance is low' An in 
vitro method for assay of lenal extiact has been 
developed, which depends on the ability of the 
extract to destioy angiotonin How'ever, it has 
also been obseived that with reduction in seventy 
of leaction antipressor activity has also been les- 
sened The author still suppoits the concept 
of a humoral mechanism m wduch kidney sub- 
stance, renin, inteiacts with renin activatoi to 
produce an effective vasoconstiictor agent, angio- 
tonm 

Fuithei studies have been earned out to show 
that this vasoconstrictor substance exhibits piop- 
erties similar to those seen in hypertension This 
IS repoited m detail in an aiticle by Tajdor and 
Page,®” in whose experiments the leaction of 
the cai diovascular system in human beings w'as 
measured by the ballistocardiograph Angiotonin 
administeied to patients wnth normal cardiovas- 
cular systems reduced the stroke volume and 
cardiac output as measuied by that instrument 
On the other hand, when the antipressoi angio- 
tonin-destioying renal extiact was given to hyper- 
tensive patients, the cardiac output increased 
and the contour of the cuive bore a closer 
resemblance to the noimal These findings dif- 
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feied from those obtained wuth other pressoi sub- 
stances (methyl guanidine or tyramme) 

In the progiess article already mentioned, 
Page and his associates state that clinical 
lesults obtained wnth the antipressor renal ex- 
tiact m 37 patients continue to be encouraging 
Twenty-four of these had malignant hypei ten- 
sion, and 9 died Reversal of changes in the 
eyegiounds with improvement of vision, reversal 
of the abnormal electrocardiographic pictuie to 
a moie noimal pattern and decrease in diastolic 
blood piessure with inciease m cardiac output 
were the most sinking changes in the group 
wuth malignant hypertension 

Plentl and Page studied the nature of renin 
and angiotonin by means of a kinetic analysis 
of the 1 enin-angiotonm piessor system For a 
more complete account of the work on the sub- 
ject of the mechanism of the production of hypei - 
tension done during the past year, leference 
should be made to vai lous articles 

Lisa, Eckstein and Solomon desci ibe the 
condition of the mam lenal aiteries in 100 con- 
secutive patients coming to autopsy at the City 
Hospital, Welfaie Island, New Yoik Studies 
w'ere earned out on tissues in the fiesh state 
to eliminate the erior produced by shiinkage 
with fixation There were 56 hypertensive sub- 
jects and 44 without hypei tension The differ- 
ences 111 caliber betw'een the scleiotic vessels in 
the tw'o gi oups were insignificant, and the authoi s 
concluded that aiteiiolar sclerosis is a better 
index of blood pressure than the calibei of the 
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main renal arteries They believe that gross 
reduction of blood flow resulting from arterio- 
sclerosis of the mam renal arteries is of less 
importance than lowering of pulse pressure within 
the kidney 

One of the circumstances which has hampered 
the investigation of hypertension m human beings 
IS the fact that most of the autopsy material has 
been obtained from patients with hypertension 
of long standing Opportunities to study the 
histologic changes m the kidney m early hyper- 
tension have been few The pioneer investiga- 
tions of Castleman and Smithwick in this 
direction are of much importance In the course 
of bilateral extensive splanchnic denervation 
(sympathectomy) done on 100 hypertensive pa- 
tients, renal biopsies were made This group 
included persons with all degrees of the hyper- 
tensive state, with changes m the eyegrounds 
varying from aiteriolar narrowing or constric- 
tion without nicking (grade I) to edema of the 
optic disks with measurable elevation, usually 
accompanied by hemorrhage, exudate and other 
abnormalities (grade IV) Fourteen per cent 
of the subjects showed changes of grade IV 
The average findings in the senes were blood 
pressure, 210 systolic and 130 diastolic, age, 39, 
duration, six years The renal function as mea- 
sured by the phenolsulfonphthalem test was nor- 
mal m 60 per cent of the subjects Insignificant 
or no vascular renal disease was evident m 28 
per cent of the biopsies, and only mild changes 
occurred m an additional 25 per cent 

It was concluded that “the morphologic evi- 
dence of renal vascular disease m more than half 
of the cases was inadequate to be the sole factor 
m producing hypertension, and that in many of 
these and probably others the hypertensive state 
antedated the renal vascular lesion, which, once 
established, probably aggravated the hyperten- 
sion Furthermore, these observations are not 
in keeping with the concept that renal ischemia 
due to preexisting renal vascular disease is the 
cause of essential hypertension m man ” 

Talbott and Castleman and co-workers cor- 
related the observations m lenal biopsies with 
results of studies of renal clearance done on 
20 patients with essential hypertension It was 

73 Castleman, B , and Smithwick, R H The Re- 
lation of Vascula'* Disease to the Hypertensive State 
Based on a Study of Renal Biopsies fiom One Hundred 
Hypertensive Patients, JAMA 121 1256 (April 17) 
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discovered that the glomerular filtration rate 
and the renal blood flow were most significantly 
reduced m the patients who showed the most 
advanced changes of renal vascular disease by 
biopsy They found the filtration fraction normal 
m 7 of 8 patients m the group showing late or 
no pathologic change in the kidneys The authors 
believed that the observations indicated that con- 
striction of the efferent glomerular arterioles was 
not present m the early stages of renal vascular 
disease Lumbodorsal splanchmcetomy had little 
effect on renal clearance when measured in the 
horizontal position 

An important approach to the present day 
treatment of hypertension is surgical splanchnic 
denervation The extensive operation of dorso- 
lumbar sympathectomy developed by Smithwick 
and previously reported has been m continued 
use by this author at the Massachusetts General 
Hospital in the treatment of hypertension The 
details of this work are as yet unpublished, but 
the clinical results m selected cases are im- 
pressive, with regard both to lowering of the 
blood pressure, systolic and diastolic, and to 
subjective improvement 

An interesting report was made by Friedman 
and Kasanin,^® who described the occurrence of 
hypertension in one of identical twins with definite 
evidence of disease of the coronary arteries 
shown by the electrocardiogram and by clinical 
findings The other twin had a normal blood 
pressure and electrocardiogram Both had a 
diminished renal blood flow as compared with 
the average value of 1,280 cc per minute In 
the patient with hypertension the flow as cal- 
culated was 606 cc per minute, while m the nor- 
mal brother the figure was 725 cc per minute 
Difference m personality was striking The de- 
scriptive terms dynamic, aggressive, energetic, ac- 
tive and successful were applied to the twin with 
high blood pressure, while the normal brother 
was more alert mentally and stronger physically 
but lacking m “drive ” No conclusions are 
drawn, but it is suggested that a possible cause 
of the hypertension may he in the divergent 
personality trends, especially m view of the 
similarity m heredity and early environment 
Because of the fact that the renal blood flow 
was somewhat reduced m the so-called normal 
twin, it will be of interest to see if he also 
eventually has hypertension 

75 Smithwick, R H A Technic foi Splanchnic 
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CORONARY HEART DISEASE 

Askey,"’^ in reviewing the syndrome of painful 
disability of the shoulder and hand following 
:oronary occlusion, suggests that some of the 
changes in the palmar aponeuiosis may be related 
to myocardial infarction Moreover, Kehl le- 
ports 6 cases of Dupuytren’s contiacture follow- 
ing coronary occlusion within a peiiod of eleven 
months In no case was there any evident re- 
lationship to trauma oi any change before the 
thrombosis occurred Pain, stiffness, swelling, 
repeated discoloration, numbness, tingling and 
coldness of the hands were encountered with 
the contracture Four of the patients also had 
pain in the shouldei Johnson reports clinical 
observations in 39 cases in which disabling 
changes in the hands resembling sclerodactylia 
followed m)^ocardial infarction In a period 
varying fiom three to sixteen weeks after in- 
farction occurred, pain and stiffness of the fingers 
appeared, with nonpitting swelling of the hands 
Evidence of circulator}^ change was seen in the 
form of coldness and change in color, which 
varied from erythema to cyanosis At a later 
date thickening of the skin, atrophy of the soft 
tissue and in some cases palmar contracture 
occurred The changes described bore a close 
resemblance to the sclerodactylia of scleroderma 
and Raynaud’s disease The “anginal syndrome” 
was present in every case Pam in the shoulder 
occurred in 34 patients and bore some relation to 
the site of radiation of anginal pain The changes 
in the hand were bilateral Arthritis did not 
appear to be an important factor in the genesis 
of this syndrome Although 10 patients had a 
brief “iheumatic” histoiy, none had had previous 
rheumatoid arthritis, and 4 had had hypertrophic 
arthritis It is emphasized that the changes 
described do not progress to gangrene and trophic 
ulceration of the fingeis, in spite of their resem- 
blance to the sclerodactylia of Raynaud’s dis- 
ease The possible etiologic relationships are 
discussed 

Starr and W ood used the ballistocardiogram 
to study the circulation m patients with coronar} 
artery disease, including acute myocardial in- 
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faiction and chronic angina pectoris One hun- 
dred and SIX observations were made on 55 
patients having those diseases Measurements 
of the circulation with the balhstocardiograph 
were either normal or below normal in the acute 
period after infarction In the first instance 
the circulation tended to dimmish and reached 
a minimum between the third and the fifth week, 
with later recovery In the great majority of 
cases of chionic coronary disease with angina 
of effort the circulation was abnormal Abnor- 
malities of form m the tracing were frequently 
encountered m association with coronary heart 
disease Limitations of this method are mani- 
fested with regard to the diagnosis of anatomic 
lesions The measurements gave objective aid 
m making the diagnosis but should be regarded 
as of the same order of significance as measuie- 
ments of blood pressure, etc 

Master, Jaffe, Back and Silver followed the 
course of the blood pressure m 538 cases of 
coronary occlusion over an average period of 
thiee and a half to four years (range, one to 
seven years) In every case the blood pressure 
fell to some extent, although the occurrence of » 
a transitory rise at the beginning was observed 
111 a few The lowest pressure was usually 
reached between the twelfth and the twentieth 
day In comparing the data for the hypertensive 
and the nonhypei tensive subjects it was observed 
that the blood pressure trend was similar, although 
among the nonhypertensive patients who died a 
rapid fall was more common Two thirds of 
the hypertensive patients regained a hypertensive 
level, but one half of this group showed a delayed 
use over a period of one to two years It was 
concluded that the height of the blood pressure 
after the attack did not influence the future course 
of the patient significantly with respect to sub- 
sequent angina pectoris, heart failure, coronary 
occlusion or death 

White, Bland and Miskall have collected 
important data relating to the prognosis of an- 
gina pectoris It IS their contention that the only 
accurate basis for prognosis in that disease is a 
long time follow-up of a large group of patients 
through the entire course of the disease Their 
report consists of a further follow-up of 497 
patients with angina pectoris first observed m 

81 Master, A M , Jaffe, H I , Dack, S , and Silver, 
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the years from 1920 to 1930 Of this number 
445 patients weie dead and 52 were living The 
aveiage duration of life of the dead patients was 
seven and nine-tenths yeais after the onset of 
symptoms, while for the 52 living patients the 
aveiage duiation of the disease was eighteen and 
four-tenths yeais The average for both living 
and dead patients is nine yeais to date, which 
IS considerably highei than the “classic and often 
quoted figure of fiie 3 rears ” The factors of 
hypertension, myocardial infarction, cardiac en- 
largement, abnoimal heait sounds, congestive 
failure and abnoimal electrocardiogiam occuned 
much more frequently m the gioup of patients 
who died within three years than m the 52 
patients still living The authors also inquired 
into the prognostic significance of angina pectoiis 
decubitus, which was present m 20 per cent of 
the total number 

Much has been wiitten in recent years con- 
cerning the mechanism of production of coi onary 
occlusion, and it has been held that bleeding 
from vascular channels of the intima of a vessel 
may cause arterial occlusion, either directly by 
producing local hematoma or indirectly by throm- 
bus foimation near the site of the hemorihage 

English and Willius investigated this ques- 
tion by means of autopsy studies One hundred 
and thirty-five selected hearts were examined, 
40 per cent of which showed intimal hemorrhage 
There was acute occlusion of the coronary artery 
m 20 specimens Wherever hemorrhage was 
encountered m the intima of a coronary artery, 
coexistent degenerative changes were found It 
was concluded that the mtimal degenerative 
changes represented the primary factor m the 
pathologic condition, while the hemorrhage was 
secondary 

Steiner and Domanski studied the serum 
cholesterol level m 15 patients with coronary 
heart disease and m 15 controls of the same age 
They made repeated observations over periods 
up to two years The level m the patients with 
coronary arteriosclerosis was found signficantly 
higher than that m the normal subjects, with 
wide fluctuations characterizing the former group 
and fairly constant levels occurring m the latter 
group 
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Engelbeig and Newman have reported 6 in- 
stances of disease of the coronaiy arteries in 
young adults with xanthomatosis In each case 
three characteristic features were present The > 
cutaneous lesions consisted of single or multiple ' 
firm subcutaneous nodules of variable size, found 
mostly on the extensor surfaces of the extremi- 
ties In every case the diagnosis of coronary 
insufficiency was made, and all the patients 
showed hypercholesteremia The results of treat- 
ment with low cholesterol diet were inconclusive 
Only 3 of the patients followed the diet faith- 
fully, and m only 1 w^as there a marked fall in 
the blood level (430 to 290 mg per hundred 
cubic centimeters) 

Massie and Miller ®' determined the size and 
shape of the heart by roentgenography m 16 
patients who had had myocardial infarction 
Films w^ere taken at the bedside with patients 
m the sitting position on the third, fifth, twelfth ^ 
and twenty-eighth days and during the third and 
sixth months No consistent change in cardiac 
size was observed In the two weeks following 
the infarction only 4 patients showed a demon- 
strable alteration in tbe size of the heart, which 
was increased in 2 and decreased in the other 2 
Eight patients showed no change in the six 
month peiiod The alterations observed in the 
pulmonary fields w^ere of interest in that 12 
patients showed pulmonary congestion in tlie 
first one to two weeks, with the presence of basal 
rales by auscultation in only 7 

Many patients with angina pectoris complain 
of characteristic substernal oppression in the 
absence of the usual precipitating factors In 
some a reflex mechanism initiated by disease in 
the gastrointestinal tract (cardiospasm, hiatus 
hernia, disease of the gallbladder, ulcer) can 
be demonstrated , 

Harrison and Finks present evidence to show 
that disturbed carbohydrate metabolism is an- 
other disorder which may precipitate various 
manifestations referable to the cardiovascular sys- ~ 
tern Characteristic features of such a mechanism 
are the appearance of symptoms two or more 
hours after meals, with relief following the in- 
jection of dextrose, and reproduction of symp- 
toms following administration of insulin The 
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authois refei to the state which produces these 
symptoms as "lelative hypoglycemia,” because 
the blood sttgai values of the patients studied 
were usually within the limits of noimal or only 
slightly abnormal In many cases studied the 
subjective and objective leactions weie similar 
to those commonly seen in cardiac neuiosis 
Howevei, attacks of angina pectoiis at rest were 
seen in those with typical eftoit angina 

Lesser repoits fuither obseivations on the 
action of testosterone propionate in the ti eatinent 
of angina pectoiis Favorable results weie ob- 
tained in eveiy one of 22 patients with angina 
A contiol series of patients who received sesame 
oil showed no iinpi ovement Aftei treatment 
was initiated, an aveiage of twenty-eight days 
elapsed befoie nnpi ovement was noted, and a 
period of foity-thiee days elapsed befoie this 
became marked 

On the othei hand, Levine and Likoff,®° after 
a trial of the drug m 19 patients, were unable 
to conclude that it had any beneficial effect 
Five of the 19 patients observed leported definite 
improvement, but the authors believed that this 
could be accounted for by the vagaries of the 
disease Eleven patients lepoited no change 
whatever after four weeks of treatment with a 
dose of 25 mg three times weekly 

CONGESTIVE HEART FAILURE 

Although the clinical manifestations of conges- 
tive heart failure are well known, the exact 
mechanism of production is still a matter of 
controversy Evidence is accumulating to dis- 
count as the only factor a simple mechanical 
basis for heart failure, in which peripheral venous 
congestion is said to indicate disproportionate 
failure of the right ventricle 

Starr, Jeffers and Meade report results 
of acute and chronic experiments on the right 
side of the heart in dogs in which only slight 
changes of venous pressure followed extensive 
damage to the right side of the heart In the 
acute experiments the right ventricle was dam- 
aged with a cautery, and in the chronic experi- 
ments vessels supplying the right side of the 
heart were ligated They concluded that the 
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mechanical factois diiectly connected with weak- 
ness of the light side of the heait aie less impor- 
tant in the pioduction of elevated venous pres- 
suie than lone of the blood vessels and other 
factois concerned with blood volume It is hardly 
necessaiy to point out that the lesults of these 
expel iments on animals are not wholly transfei- 
able to human patients 

Furthei observations on this pioblem carried 
out on human beings aie lepoited by Warien 
and Stead,'’” in which peiipheral accumulation 
of fluid in heait failure was obseived before the 
venous piessme rose above normal levels Both 
articles stiess the fact that the knowledge of the 
djmamics of venous congestion in man is still 
fai fiom complete 

Fain and Buehlei attempted accurate quanti- 
tative definition ot acute congestive heait mus- 
cle failuie in physiologic teims Their studies 
weie cairied out on heait-lung piepaiations 
Then conclusions, m some contrast to those of 
Starr, Jeffeis and Meade, were 

The cardinal features of spontaneous heart failure or 
that produced by chloroform, chloral hydrate, alcohol 
and diphtheria toxin aie (a) a decrease in mechanical 
efficiency of the heart, (&) dilatation of the ventricles, 
(c) a rise of the venous pressure m the light and left 
auricles, (d) a tendency toward decrease in the minute 
output of the ventiicles 

All of the ai tides leviewed m this section 
contain a discussion of these conti oversial points 
and leferences for suggested reading * 

LaDue and Fahr investigated the effect of 
intravenous administration of lanatoside C on 
heait failure m the presence of normal sinus 
rhythm m human beings Kymographic meas- 
uiements of the si7e of the heart were made 
by the method of Keys and Friedell The 
limitations of this method are lecogmzed, that is, 
the stroke volume of the left ventricle may not 
be numeiically exact, but it is felt that reliable 
indexes of direction or magnitude of any change 
m the output of the heart can be obtained by 
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successful estimations of output from kymograms 
The diastolic volume of normal and pathologic 
hearts can be ascertained accurately The authors 
state 

The intravenous administration of lanatoside-C to 
patients with heart failure and normal sinus rhythm 
usually increases the pulse pressure and reduces circu- 
lation time and venous pressure within two hours In 
ten such patients the diastolic heart volume was re- 
duced in five and stroke volume was increased in 
eight In the latter eight the product of the stroke out- 
put and the mean blood pressure was definitely in- 
creased, whereas the diastolic heart volume decreased 
or was unchanged Since the latter is an index of 
oxygen consumption, these increases in work must have 
meant improvement in the mechanical efficiency of the 
hearts of eight out of the ten patients studied 

WAR MEDICINE 

A large scale experiment has been carried 
out m the reexamination of 4,994 men rejected 
for military service because of the diagnosis 
of cardiovascular defects or nemocirculatory as- 
thenia It is necessary to quote the conclusions 
almost m their entirety because of the complex 
nature of the stud} 

2 The chief reasons for the reexamination were to 
determine (o) the problems in cardiovascular diagnosis 
that particularly concern the range of the normal cardio- 
vascular system with respect to service, (h) the possible 
salvage of men for the Army by reclassification as lA, 
and (c) the comparison of opinions of cardiovascular 
experts with those of the examiners at local boards and 
induction stations to determine the desirability of such 
reexaminations in this or other special medical fields 
throughout the country 

3 Of the total number of 4,994 cardiovascular re- 
jectees examined, there were 863 (17 3 per cent) re- 
submitted as lA and 4,131 (82 7 per cent) whose 
rejection as 4F was confirmed 

4 The percentage of men resubmitted as lA was 
quite similar in Boston (18 8 per cent),®^ New York 
(19 2 per cent), and Philadelphia (16 5 per cent) In 
San Francisco 286 per cent were resubmitted®® Chi- 
cago yielded the lowest salvage (3 88 per cent), ap- 
parently because of the fact that cardiovascular experts 
had already been freely used m the decision about 
doubtful cases, a procedure which might profitably be 
followed by other examining groups throughout the 
country 

5 The chief cause for rejection was rheumatic heart 
disease, found in 2,476 men, or 50 per cent of the 
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total 4,994, and in 59 9 per cent of the final 4F group 
Mitral valvular disease without aortic valvular disease 
was diagnosed in the majority of these rheumatic heart 
cases, 1,500, or 60 6 per cent (750 with obvious stenosis), 
aortic valvular disease without apparent mitral valve 
involvement in 280, or 11 3 per cent (72 aortic stenosis 
and 208 aortic regurgitation alone), and mitral and 
aortic valvular disease combined in the remaining 628, 
or 25 4 per cent Auricular fibrillation complicating 
mitral stenosis was found in 24 of the cases The 
incidence of rheumatic heart disease varied from 703 
per cent of the rejectees in Chicago to 39 6 per cent in 
San Francisco 

6 The second most common cause for final rejection 
was hypertension, found in 1,059 cases (25 6 per cent 
of the 4F cases and 21 per cent of the total series) 
The majority showed elevation of both systolic and 
diastolic levels, a few had either systolic hypertension 
alone or diastolic hypertension alone The mcidence 
varied little from city to city but was relatively more 
common in the fourth than in the third decade 

7 Third m frequency as a cause of rejection was 
neurocirculatory asthenia with 204 cases (40 per cent 
of the total series, or 4 9 per cent of those finally labeled 
4F) Negroes were rarely affected The mcidence 
varied from 78 (8 per cent) in Boston to 11 (11 per 
cent) in Chicago 

8 The fourth condition responsible for rejection of 
more than 100 men was sinus tachycardia, there were 
189 cases, or 3 8 per cent of the entire group and 4 6 
per cent of the final 4F cases The numbers varied 
from 75 in Chicago to 8 in Philadelphia 

9 The fifth most common cause for rejection was 
congenital heart disease, found in 183 cases (4 4 per 
cent of tlie 4F cases) The abnormality most commonly 
diagnosed was ventricular septal defect (Roger’s 
disease) in more than a third of all the cases, 73 Five 
other defects, in the order of their frequency, were 
patency of the ductus arteriosus (29 cases), pulmonary 
stenosis (13 cases and 2 more with the tetralogy of 
Fallot), coarctation of the aorta (14 cases), auricular 
septal defect (6 cases) and subaortic stenosis (5 cases) 
The city mcidence varied from over 6 per cent (63 cases) 
in San Francisco to 1 8 per cent (18 cases) m Phila- 
delphia 

10 Other causes for rejection include cardiac en- 
largement alone, determined by x-ray examination (76 
cases), arrhythmia in 32, including 17 cases of par- 
oxysmal tachycardia, 6 of uncomplicated auricular fibril- 
lation, 2 of auricular flutter and 5 of aunculoventncular 
block, electrocardiographic abnormalities alone m an- 
other 32 cases including 10 with bundle branch block, 
cardiovascular syphilis in only 17 cases, thyrotoxicosis 
in 14, recent rheumatic fever in 13, cardiac strain from 
chest deformities in 10, coronary heart disease in only 
6, pericarditis in 4, and peripheral vascular defects in 3 
Unspecified heart disease was diagnosed in 113 cases 

11 A history of rheumatic fever was obtained in 
slightly over a fourth of all the cases of rheumatic heart 
disease (28 8 per cent in four of the cities) and in nearly 
half of those in Boston and New York A history of 
chorea was rare (18 per cent of the rheumatic heart 
cases in fhese same lour cities) 

12 Although the great majority reexamined were 
white men there were a good many Negroes (some- 
thing under 10 per cent, 386 out of 4,035 examined 
in four of the five cities) and a few Chinese and Fili- 
pinos There was a high rejection rate for the Chinese 
and Filipinos (100 per cent) in the four cities m which 
racial data were available Nine of the fifteen cases of 
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aortic syphilis found in those cities were among 
Negroes, and hypertension was also more often found 
m the Negroes (38 5 per cent of the final 4F cases 
compared to 23 1 per cent for the white men) Rheumatic 
heart disease was evenly represented (63 8 per cent 
compared to 63 9 per cent), but neurocirculatory asthenia 
was verj' much less in the Negroes (09 per cent, 
compared to 5 5 per cent) 

13 There were eight problems of particular interest 

which remain unsolved and should be the focus of 
follow-up study but concerning which tentative opinions 
were expressed (a) the interpretation of apical systolic 
murmurs (may they, if very slight or even slight, in 
the absence of any other abnormal or doubtful finding, 
be considered inadequate reason for rejection ?), (b) 
the upper limits of the normal blood piessure (may 
the systolic pressure m very nervous young men be 
set perhaps as high as 160 mm of mercuiy or even 
a shade more, provided the diastolic pressure does not 
exceed 90 mm ^) , (c) the limits of the normal pulse 
rate at rest (may there not be a wider range, say from 
40 to 120 per minute, than that actually given in tlie 
current criteria ^) , (d) the heart size, which also vanes 
widel}', especially according to body build, and may 
perhaps in a few normal individuals exceed the 
standards set by Hodges and Eyster , (e) the electro- 
cardiogram, of which the wide range of normal has not 
yet been explored adequately , (/) neurocirculatory 

asthenia, difficult to diagnose in mild degree, but 
probably rejectable even when slight, unless there is 
an obvious cause which can be corrected, (g) lecent 
rheumatic fever, a hazard even when the heart seems 
perfectly normal, and (/i) exercise tests, the usefulness 
of which, in cardiovascular examination for military 
service, is open to question 

14 A follow-up study of the men reclassified as lA 
and especially of the doubtful “borderline” cases in the 
final 4F group should, in the years to come, aid in 
solving some of the various problems in cardiovascular 
diagnosis that still remain 

15 The wisdom of extending these reexaminations 
for the sake of the salvage alone is doubtful m view 
of the time required, the few expert examiners available, 
and the relatively small percentage of men reclassified 
as lA , but the applications of the lessons learned in 
the course of this study should be helpful m future 
examinations 

Follow-up observations from New York, Bos- 
ton and Chicago indicate that most of the men 
recommended as suitable for service with the 
armed forces have been inducted into seivice 

Several important papers relating to cardio- 
vascular disease in wartime will appear during 
1944 

MISCELLANEOUS 

Gouley and Sickel report a series of cases 
m which the pathologic observations point to a 
cause for aortic i egurgitation which hitherto 
has not been stressed, although it has not escaped 
recognition They comment on the occurrence 
of aortic regurgitation in patients in the older 

99 Gouley, B A , and Sickel, E M Aortic Re- 
gurgitation Caused by Dilatation of the Aortic Orifice 
and Associated with a Characteristic Valvular Lesion 
Am Heart J 26 24, 1943 


age groups, in whom syphilis, rheumatic heart 
disease, bacterial endocarditis or arteriosclerotic 
degeneration is not the etiologic factor The 
11 patients whose cases aie reported showed the 
characteristic diastolic murmur of aortic regurgi- 
tation Hypertension was present in most cases 
The pathologic factors consisted of dilatation of 
the aortic ring with a characteristic valvular 
lesion consisting of sclerotic thickening of the 
midportion of the free margin of the leaflet with- 
out involvement of the commissures The latter 
may be pulled apart, and the leaflets are fre- 
quently elongated These changes are considered 
secondary to dilatation of the ring and are ef- 
fected by the eroding action of flow leakage 
Syphilis may coexist 

Weiss, Stead, Warren and Bailey express 
the belief that scleroderma heart disease is a 
clinical and pathologic entity Nine cases of 
generalized scleroderma were reported, with 
signs and symptoms of heart disease in each 
Good evidence to show that none of the common 
etiblogic factors contributed to the heart failure 
was presented Autopsy observations (2 cases) 
were of special interest, in that scars of unusual 
type involving the myocardium primarily were 
found These diffeied from ordinary vascular 
lesions in absence of significant abnormalities 
in the vessels, lack of hemosiderin deposits, in- 
constant relation to arteries and an unusual 
cellular character of the connective tissue itself 
The frequent association of pulmonary lesions 
made the evaluation of cardiac symptoms difficult 
All patients showed cardiac enlargement, dyspnea 
and edema The electrocardiogiams were ab- 
normal in each case without consistent diagnostic 
patterns It was concluded that in generalized 
sclerodeima the heart, as well as the lungs and 
the gastrointestinal tract, may be involved 

Smith and Furth report 5 cases of con- 
gestive failure of obscure oi igm m which the find- 
ings were similar to those in previously repoited 
instances of Fiedler’s myocarditis Endocardial 
and myocardial fibrosis with cardiac hypertrophy 
and dilatation without change in the vessels or 
valves characterized the postmortem picture In 
3 cases mural thrombi were present, and in all 
cases widespread endocardial fibrosis m both 
ventricles was found Because of a history of 

100 Weiss, S , Stead, E A , Jr , Warren, J V , and 
Bailey, O T Scleroderma Heart Disease, Arch Int 
Med 71 749 (June) 1943 

101 Smith, J J, and Furth, J Fibrosis of the 
Endocardium and the Myocardium with Mural 
Thrombosis, Arch Int Med 71 602 (May) 1943 
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dietary deficiency in each instance the possibility 
of beriberi heart disease was considered, but no 
patient responded to thiamine chloiide Need for 
fuither definition of myocarditis of obscure origin 
IS recognized 

Caiter and Traut investigated the incidence 
of angina pectoris in 300 patients with proved 
pernicious anemia In only 3 could a definite 
diagnosis of angina be made They were also 
interested in the incidence of symptoms and 
findings suggesting organic heait disease Some 
manifestation was piesent in 257 Then con- 
clusions weie stated as follows 

In the presence of severe anemia it is impossible to 
segregate dependably patients with primary cardio- 
vascular involvement All of the usual criteria of 
cardiovascular disease may occur solely as the result 
of anemia These symptoms and findings are not re- 
stricted to any type of anemia or related to the seventy 
of the anemia Examination of the blood is essential 
for dependable differentiation Cardiovascular manifes- 
tations often occur with hematologic decompensation and 
disappear after treatment or during a remission 

Paradoxic pulse, as measured by the sphyg- 
momanometer, IS seen m conditions other than 
constrictive pericarditis or pericardial tampon- 
ade Osgood observed that fluctuation as 
much as 30 mm of mercury systolic may occur 
in paroxysms of bronchial asthma with decline 
of the level during inspiration and rise duiing 
expiration In some patients this fluctuation 
varied directly with the intensity of the asthmatic 
paroxysm This phenomenon was explained by 
following and amplifynng the obseivations of 
Reid,^°^ who stated that the lungs are more 
important than is generally realized in promoting 
the return of blood to the left side of the heart 

102 Carter, J B , and Traut, E F Cardiovascular 
Manifestations in Pernicious Anemia, Arch Int Med 
72 757 (Dec ) 1943 

103 Osgood, H Blood Pressure Fluctuations in 
Bronchial Asthma, J Lab & dm Med 28 927, 1943 

104 Reid, W D Respiration as a Factor m the 
Circulation of Blood, Ann Int Med 17 206, 1942 


In this conception the flow of blood in the pul- 
monaiy veins is considered an active propulsion, 
as in the squeezing of a sponge, rather than an 
aspiiation The propulsion takes place during 
expiiation During mspiiation the blood is held 
in the lung This mechanism is exaggerated in 
asthma by the greater negative mtrathoracic 
pressuie during inspiration, which may result 
in a more pronounced dilatation of veins It 
it also consideied that the expiratory'^ “squeeze” 
IS pel haps gi eater because of increased thoracic 
pressure at that time 

In several patients observed at the Massa- 
chusetts General Hospital after the Cocoanut 
Grove catastrophe asthma developed as a result 
of severe bronchiolitis, which in turn resulted 
from the irritant gases inhaled A definite 
pulsus paiadoxicus was obseived in 3 cases, 
although this does not appear in the report 

Osgood and Ehi et extended their obser- 
vations on changes m blood pressure m asthma, 
with special leference to the effect of therapeutic 
drugs After injection of epinephrine hy^dro- 
chloride the lespiratoiy fluctuation approached 
normal when relief from the asthmatic attack 
was obtained After intravenous injection of 
theophylline ethylenediamine there was a decrease 
in fluctuation, but of lesser magnitude This 
difference m result suggested a possible difference 
in action of the two drugs The authors sug- 
gest that the bronchodilating effect of theophylline 
ethylenediamine may be of secondary'^ importance 
Its principal action is thought to be an increase 
of blood flow through the pulmonary circuit by 
vasodilation 

105 Aub, J C , Pittman, H , and Brues, A M 
Management of the Cocoanut Grove Burns at the Massa- 
chusetts General Hospital The Pulmonary Complica- 
tions, a Clinical Description, Ann Surg 117 834, 
1943 

106 Osgood, H , and Ehret, F E Blood Pressure 
Fluctuations in Bronchial Asthma, J Lab & Clm 
Med 28 1415, 1943 
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